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Abstract 


The  EUS  Seismic  Hazard  Characterization  Project  (SHC)  is  the  outgrowth  of  an 
earlier  study  performed  as  part  of  the  U.S.  Nuclear  Regulatory  Conmission's 
(NRC)  Systematic  Evaluation  Program  (SEP).  The  objectives  of  the  SHC  were: 
(1)  to  develop  a  seismic  hazard  characterization  methodology  for  the  region 
east  of  the  Rocky  Mountains  (EUS),  and  (2)  the  application  of  the  methodology 
to  69  site  locations,  some  of  them  with  several  local  soil  conditions.  The 
method  developed  uses  expert  opinions  to  obtain  the  input  to  the  analyses.  An 
important  aspect  of  the  elicitation  of  the  expert  opinion  process  was  the 
holding  of  two  feedback  meetings  with  all  the  experts  in  order  to  finalize  the 
methodology  and  the  input  data  bases.  The  hazard  estimates  are  reported  in 
terms  of  peak  ground  acceleration  (PGA)  and  5%  damping  velocity  response 
spectra  (PSV). 

A  total  of  eight  volumes  make  up  this  report  which  contains  a  thorough 
description  of  the  methodology,  the  expert  opinion's  elicitation  process,  the 
input  data  base  as  well  as  a  discussion,  comparison  and  summary  volume 
(Volume  VI). 

Consistent  with  previous  analyses,  this  study  finds  that  there  are  large 
uncertainties  associated  with  the  estimates  of  seismic  hazard  in  the  EUS,  and 
it  identifies  the  ground  motion  modeling  as  the  prime  contributor  to  those 
uncertainties. 

The  data  bases  and  software  are  made  available  to  the  NRC  and  to  public  uses 
through  the  National  Energy  Software  Center  (Argonne,  Illinois). 
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Foreword 

The  impetus  for  this  study  came  from  two  unrelated  needs  of  the  Nuclear 
Regulatory  Commission  (NRC).  One  stimulus  arose  from  the  NRC  funded  "Seismic 
Safety  Margins  Research  Programs"  (SSMRP).  The  SSMRP's  task  of  simplified 
methods  needed  to  have  available  data  and  analysis  software  necessary  to 
compute  the  seismic  hazard  at  any  site  located  east  of  the  Rocky  Mountains 
which  we  refer  to  as  the  Eastern  United  States  (EUS)  in  a  form  suitable  for 
use  in  probabilistic  risk  assessment  (PRA).  The  second  stimulus  was  the 
result  of  the  NRC's  discussions  with  the  U.S.  Geological  Survey  (US6S) 
regarding  the  USGS's  proposed  clarification  of  their  past  position  with 
respect  to  the  1886  Charleston  earthquake.  The  US6S  clarification  was  finally 
issued  on  November  18,  1982,  in  a  letter  to  the  NRC,  which  states  that: 


"Because  the 
similar  to  th 
that  although 
have  experien 
itself,  suffi 
regions  of  st 
Charleston  in 
to  an  earthqu 
seaboard  may 
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seaboard  to  e 
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geologic  and  tectoni 
ose  in  other  regions 

there  is  no  recent 
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1886.  Although  the 
ake  in  any  given  yea 
be  very  low,  determi 
azard  should  be  made 
stablish  the  seismic 


c  features  of  the  Charleston  region  are 
of  the  eastern  seaboard,  we  conclude 
or  historical  evidence  that  other  regions 
es,  the  historical  record  is  not,  of 
ing  out  the  occurrence  in  these  other 
motions  similar  to  those  experienced  near 
probability  of  strong  ground  motion  due 
r  at  a  particular  location  in  the  eastern 
nistic  and  probabilistic  evaluations  of 
for  individual  sites  in  the  eastern 
engineering  parameters  for  critical 


Anticipation  of  this  letter  led  the  Office  of  Nuclear  Reactor  Regulation  to 
jointly  fund  a  project  with  the  Office  of  Nuclear  Regulatory  Research.  The 
results  were  presented  in  Bernreuter  et.  al.,  (1985),  and  the  objectives  were; 

1.  to  develop  a  seismic  hazard  characterization  methodology  for  the 
entire  region  of  the  United  States  east  of  the  Rocky  Mountains. 

2.  to  apply  the  methodology  to  selected  sites  to  assist  the  NRC  staff  in 
their  assessment  of  the  implications  in  the  clarification  of  the  USGS 
position  on  the  Charleston  earthquake,  and  the  implications  of  the 
occurrence  of  the  recent  earthquakes  such  as  that  which  occurred  in 
New  Brunswick,  Canada,  in  1982. 

The  methodology  used  in  that  1985  study  evolved  from  two  earlier  studies  that 
the  Lawrence  Livermore  National  Laboratory  (LLNL)  performed  for  the  NRC.  One 
study,  Bernreuter  and  Minichino  (1983),  was  part  of  the  NRC's  Systematic 
Evaluation  Program  (SEP)  and  is  simply  referred  hereafter  to  as  the  SEP 
study.  The  other  study  was  part  of  the  SSMRP. 

At  the  time  (1980-1985),  an  improved  hazard  analysis  methodology  and  EUS 
seismicity  and  ground  motion  data  set  were  required  for  several  reasons: 
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0  Although  the  entire  EUS  was  considered  at  the  time  of  the  SEP  study, 
attention  was  focused  on  the  areas  around  the  SEP  sites — mainly  in  the 
Central  United  States  (CUS)  and  New  England.  The  zonation  of  other 
areas  was  not  performed  with  the  same  level  of  detail. 

0  The  peer  review  process,  both  by  our  Peer  Review  Panel  and  other 
reviewers,  identified  some  areas  of  possible  improvements  in  the  SEP 
methodology. 

0  Since  the  SEP  zonations  were  provided  by  our  EUS  Seismicity  Panel  in 
early  1979,  a  number  of  important  studies  had  been  completed  and 
several  significant  EUS  earthquakes  had  occurred  which  could  impact  the 
Panel  members'  understanding  of  the  seismotectonics  of  the  EUS. 

0  Our  understanding  of  the  EUS  ground  motion  had  improved  since  the  time 
the  SEP  study  was  performed. 

By  the  time  our  methodology  was  firmed  up,  the  expert  opinions  collected  and 
the  calculations  performed  (i.e.  by  1985),  the  Electric  Power  Research 
Institute  (EPRI)  had  embarked  on  a  parallel  study. 

We  performed  a  comparative  study,  Bernreuter  et.  al.,  (1987),  to  help  in 
understanding  the  reasons  for  differences  in  results  between  the  LLNL  and  the 
EPRI  studies.  The  three  main  differences  were  found  to  be:   (1)  the  minimum 
magnitude  value  of  the  earthquakes  contributing  to  the  hazard  in  the  EUS,  (2) 
the  ground  motion  attenuation  models,  and  (3)  the  fact  that  LLNL  accounted  for 
local  site  characteristics  and  EPRI  did  not.  Several  years  passed  between  the 
1985  study  and  the  application  of  the  methodology  to  all  the  sites  in  the 
EUS.  In  recognition  of  the  fact  that  during  that  time  a  considerable  amount 
of  research  in  seismotectonics  and  in  the  field  of  strong  ground  motion 
prediction,  in  particular  with  the  development  of  the  so  called  random 
vibration  or  stochastic  approach,  NRC  decided  to  follow  our  recommendations 
and  have  a  final  round  of  feedback  with  all  our  experts  prior  to  finalizing 
the  input  to  the  analysis. 

In  addition,  we  critically  reviewed  our  methodology  which  lead  to  minor 
improvements  and  we  also  provided  an  extensive  account  of  documentation  on  the 
ways  the  experts  interpreted  our  questionnaires  and  how  they  developed  their 
answers.  Some  of  the  improvements  were  necessitated  by  the  recognition  of  the 
fact  that  the  results  of  our  study  will  be  used,  together  with  results  from 
other  studies  such  as  the  EPRI  study  or  the  US6S  study,  to  evaluate  the 
relative  hazard  between  the  different  plant  sites  in  the  EUS. 

This  report  includes  eight  volumes: 

Volume  I  provides  an  overview  of  the  methodology  we  developed  for  this 
project.  It  also  documents  the  final  makeup  of  both  our  Seismicity  and 
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Ground  Motion  Panels,  and  documents  the  final  input  from  the  members  of 
both  panels  used  in  the  analysis.  Comparisons  are  made  between  the  new 
results  and  previous  results. 

Volumes  II  to  V  provide  the  results  for  all  the  active  nuclear  power  plant 
sites  of  the  EUS  divided  into  four  batches  of  approximately  equal  size  and 
of  sites  roughly  located  in  the  four  main  geographical  regions  of  the  EUS 
(NE,  SE,  NC  and  SC).  A  regional  discussion  is  given  in  each  of  Vols.  II 
to  V. 

Volume  VI  emphasizes  important  sensitivity  studies,  in  particular  the 
sensitivity  of  the  results  to  correction  for  local  site  conditions  and 
G-Expert  5's  ground  motion  model.  It  also  contains  a  summary  of  the 
results  and  provides  comparisons  between  the  sites  within  a  common  region 
and  for  sites  between  regions. 

Volume  VII  contains  unaltered  copies  of  the  ten  questionnaires  used  from 
the  beginning  of  the  1985  study  to  develop  the  complete  input  for  this 
analysis. 

After  the  bulk  of  the  work  was  completed  and  draft  reports  for  Vols.  I-VII 
were  written,  additional  funding  became  available. 

Volume  VIII  contains  the  hazard  result  for  the  12  sites  which  were 
primarily  rock  sites  but  which  also  had  some  structures  founded  on  shallow 
soil.  These  results  supplement  the  results  given  in  Vols.  II  to  V  where 
only  the  primary  soil  condition  at  the  site  was  used. 
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A 

ALEAS 

AM 

AMHC 
B 

BE 

BEHC 
BEUHS 
BEM 
C 

COMAP 

COMB 

CP 

CPHC 
CPUHS 
CUS 

CZ 
D 

EPRI 


List  of  Abbreviations  and  Symbols 

Symbol  for  Seismicity  Expert  10  in  the  figures  displaying  the  results 
for  the  S-Experts 

Computer  code  to  compute  the  BE  Hazard  and  the  CP  Hazard  for  each 
seismicity  expert 

Arithmetic  mean 

Arithmetic  mean  hazard  curve 

Symbol  for  Seismicity  Expert  11  in  the  figures  displaying  the  results 
for  the  S-Experts 

Best  estimate 

Best  estimate  hazard  curve 

Best  estimate  uniform  hazard  spectrum 

Best  estimate  map 

Symbol  for  Seismicity  Expert  12  in  the  figures  displaying  the  results 
for  the  S-Experts 

Computer  code  to  generate  the  set  of  all  alternative  maps  and  the 
discrete  probability  density  of  maps 

Computer  code  to  combine  BE  hazard  and  CP  hazard  over  all  seismicity 
experts 

Constant  percentile 

Constant  percentile  hazard  curve 

Constant  percentile  uniform  hazard  spectrum 

Central  United  States,  roughly  the  area  bounded  in  the  west  by  the 
Rocky  Mountains  and  on  the  east  by  the  Appalachian  Mountains, 
excluding  both  mountain  systems  themselves 

Complementary  zone 

Symbol  for  Seismicity  Expert  13  in  the  figures  displaying  the  results 
for  the  S-Experts 

Electric  Power  Research  Institute 
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EUS     Used  to  denote  the  general  geographical  region  east  of  the  Rocky 

Mountains,  including  the  specific  region  of  the  Central  United  States 
(CUS) 

g      Measure  of  acceleration:  Ig  =  9.81m/s/s  =  acceleration  of  gravity 

6-Expert  One  of  the  five  experts  elicited  to  select  the  ground  motion  models 
used  in  the  analysis 


GM 
HC 

h 

LB 

LLNL 
M 

Ml 
Mb 

mb(Lg) 

M5 
MMI 

Mq 

NC 

NE 

NRC 

PGA 

P6V 


Ground  motion 

Hazard  curve 

Epicentral  intensity  of  an  earthquake  relative  to  the  MMI  scale 

Site  intensity  of  an  earthquake  relative  to  the  MMI  scale 

Lower  bound 

Lawrence  Livermore  National  Laboratory 

Used  generically  for  any  of  the  many  magnitude  scales  but  generally 
m^j,  m|3(Lg),  or  M|_. 

Local  magnitude  (Richter  magnitude  scale) 

True  body  wave  magnitude  scale,  assumed  to  be  equivalent  to  m[j(Lg) 
(see  Chung  and  Bernreuter,  1981) 

Nuttli's  magnitude  scale  for  the  Central  United  States  based  on  the 
Lg  surface  waves 

Surface  wave  magnitude 

Modified  Mercalli  Intensity 

Lower  magnitude  of  integration.  Earthquakes  with  magnitude  lower 
than  Mq  are  not  considered  to  be  contributing  to  the  seismic  hazard 

North  Central;  Region  3 

North  East;  Region  1 

Nuclear  Regulatory  Commission 

Peak  ground  acceleration 

Peak  ground  velocity 
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PRD 


PSRV 


Ql 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 

Q9 

QIO 

R 

Region 


Computer  code  to  compute  the  probability  distribution  of  epicentral 
distances  to  the  site 

Pseudo  relative  velocity  spectrum.  Also  see  definition  of  spectra 
below 

Seismic  quality  factor,  which  is  inversely  proportional  to  the 
inelastic  damping  factor. 

Questionnaire  1  -  Zonation  (I) 

Questionnaire  2  -  Seismicity  (I) 

Questionnaire  3  -  Regional  Self  Weights  (I) 

Questionnaire  4  -  Ground  Motion  Models  (I) 

Questionnaire  5  -  Feedback  on  seismicity  and  zonation  (II) 

Questionnaire  6  -  Feedback  on  ground  motion  models  (II) 

Questionnaire  7  -  Feedback  on  zonation  (III) 

Questionnaire  8  -  Seismicity  input  documentation 

Questionnaire  9  -  Feedback  on  seismicity  (III) 

Questionnaire  10  -  Feedback  on  ground  motion  models  (III) 

Distance  metric,  generally  either  the  epicentral  distance  from  a 
recording  site  to  the  earthquake  or  the  closest  distance  between  the 
recording  site  and  the  ruptured  fault  for  a  particular  earthquake. 

1  (NE):  North  East  of  the  United  States,  includes  New  England  and 
Eastern  Canada 


Region  2  (SE):  South  East  United  States 
Region 


Region 

RP 
RV 


3  (NC):  North  Central  United  States,  includes  the  Northern  Central 
portions  of  the  United  States  and  Central  Canada 

4  (SC):  Central  United  States,  the  Southern  Central  portions  of  the 
United  States  including  Texas  and  Louisiana 

Return  period,  in  years 

Random  vibration.  Abbreviation  used  for  a  class  of  ground  motion 
models  also  called  stochastic  models. 
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S       Site  factor  used  in  the  regression  analysis  for  G-Expert  5's  6M 
model:  S  =  0  for  deep  soil,  S  =  1  for  rock  sites 

SC      South  Central;  Region  4 

SE      South  East;  Region  2 

S-Expert  One  of  the  eleven  experts  who  provide  the  zonations  and  seismicity 
models  used  in  the  analysis 

SEP  Systematic  Evaluation  Program 

SHC  Seismic  Hazard  Characterization 

SHCUS  Seismic  Hazard  Characterization  of  the  United  States 

SN  Site  Number 

Spectra  Specifically  in  this  report:  attenuation  models  for  spectral 
ordinates  were  for  5%  damping  for  the  pseudo-relative  velocity 
spectra  in  PSRV  at  five  frequencies  (25,  10,  5,  2.5,  1  Hz). 

SSE  Safe  Shutdown  Earthquake 

SSI  Soil-structure-interaction 

SSMRP  Seismic  Safety  Margins  Research  Program 

UB  Upper  bound 

UHS  Uniform  hazard  spectrum  (or  spectra) 

USGS  United  States  Geological  Survey 

WUS     The  regions  in  the  Western  United  States  where  we  have  strong  ground 
motion  data  recorded  and  analyzed 

Y      Regional  absorption  coefficient 
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Geological  Survey 
past  position  with 
clarification  was 
which  states  that: 


Executive  Summary:  Volume  II 

is  study  came  from  two  unrelated  needs  of  the  Nuclear 
ion  (NRC).  One  stimulus  arose  from  the  NRG  funded  "Seismic 
earch  Programs"  (SSMRP).  The  SSMRP's  task  of  simplified 
have  available  data  and  analysis  software  necessary  to 
c  hazard  at  any  site  located  in  the  eastern  United  States 
itable  for  use  in  probabilistic  risk  assessment  (PRA).  The 
s  the  result  of  the  NRC's  discussions  with  the  U.S. 
(USGS)  regarding  the  USGS's  proposed  clarification  of  their 
respect  to  the  1886  Charleston  earthquake.  The  USGS 
finally  issued  on  November  18,  1982,  in  a  letter  to  the  NRC, 


Because  the  geologic  and  tectonic  features  of  the  Charleston  region  are 
similar  to  those  in  other  regions  of  the  eastern  seaboard,  we  conclude 
that  although  there  is  no  recent  or  historical  evidence  that  other  regions 
have  experienced  strong  earthquakes,  the  historical  record  is  not,  of 
itself,  sufficient  ground  for  ruling  out  the  occurrence  in  these  other 
regions  of  strong  seismic  ground  motions  similar  to  those  experienced  near 
Charleston  in  1886.  Although  the  probability  of  strong  ground  motion  due 
to  an  earthquake  in  any  given  year  at  a  particular  location  in  the  eastern 
seaboard  may  be  very  low,  deterministic  and  probabilistic  evaluations  of 
the  seismic  hazard  should  be  made  for  individual  sites  in  the  eastern 
seaboard  to  establish  the  seismic  engineering  parameters  for  critical 
facilities." 

Anticipation  of  this  letter  led  the  Office  of  Nuclear  Reactor  Regulation  to 
jointly  fund  a  project  with  the  Office  of  Nuclear  Regulatory  Research  The 
results  were  presented  in  Bernreuter  et  al.  in  1985  and  the  objectives  were- 


1. 


2. 


obj( 

to  develop  a  seismic  hazard  characterization  methodology  for  the 
entire  region  of  the  United  States  east  of  the  Rocky  Mountains 
(Referred  to  as  EUS  in  this  report). 

to  apply  the  methodology  to  selected  sites  to  assist  the  NRC  staff  in 
their  assessment  of  the  implications  in  the  clarification  of  the  USGS 
position  on  the  Charleston  earthquake,  and  the  implications  of  the 
occurrence  of  the  recent  eastern  U.S.  earthquakes  in  New  Brunswick 
and  New  Hampshire. 

The^methodology  used  in  that  1985  study  evolved  from  two  earlier  studies  LLNL 
performed  for  the  NRC.  One  study,  Bernreuter  and  Minichino  (1983),  was  part 
of  the  NRC  s  Systematic  Evaluation  Program  (SEP)  and  is  simply  referred 
hereafter  to  as  the  SEP  study.  The  other  study  was  part  of  the  SSMRP. 

At  the  time  (1980-1985),  an  improved  hazard  analysis  methodology  and  EUS 
seismicity  and  ground  motion  data  set  were  required  for  several  reasons: 
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0    Although  the  entire  EUS  was  considered  at  the  time  of  the  SEP  study, 
attention  was  focused  on  the  areas  around  the  SEP  sites— mainly  in 
the  Central  United  States  (CUS)  and  New  England.  The  zonation  of 
other  areas  was  not  performed  with  the  same  level  of  detail. 

0    The  peer  review  process,  both  by  our  Peer  Review  Panel  and  other 

reviewers,  identified  some  areas  of  possible  improvements  in  the  SEP 
methodology. 

0    Since  the  SEP  zonations  were  provided  by  our  EUS  Seismicity  Panel  in 
early  1979,  a  number  of  important  studies  have  been  completed  and 
several  significant  EUS  earthquakes  have  occurred  which  could  impact 
the  Panel  members'  understanding  of  the  seismotectonics  of  the  EUS. 

0    Our  understanding  of  the  EUS  ground  motion  had  improved  since  the 
time  the  SEP  study  was  performed. 

By  the  time  our  methodology  was  firmed  up,  the  expert  opinions  collected  and 
the  calculations  performed  (i.e.  by  1985),  the  Electric  Power  Research 
Institute  (EPRI)  had  embarked  in  a  paralleled  study. 


We  performed 
help  in  under 
and  the  EPRI 
found  to  be 
to  the  hazard 
the  fact  that 
not.  Several 
actually  deci 
recognition  o 
research  in  s 
prediction,  i 
vibration  or 
and  have  a  fi 
the  input  to 


a  comparative  study  (Bernreuter  et  al.  1987)  whose  purpose  was  to 
standing  the  reasons  for  differences  in  results  between  the  LLNL 
study  (EPRI  1985a  and  1985b).  The  three  main  differences  were 
(1)  the  minimum  magnitude  value  of  the  earthquakes  contributing 
in  the  EUS,  (2)  the  ground  motion  attenuation  models,  and  (3) 
LLNL  accounted  for  local  site  characteristics  and  EPRI  did 
years  passed  between  the  1985  study  and  the  time  when  NRC 
ded  to  apply  the  methodology  to  all  the  sites  in  the  EUS.  In 
f  the  fact  that  during  that  time  a  considerable  amount  of 
eismotectonics  and  in  the  field  of  strong  ground  motion 
n  particular  with  the  development  of  the  so  called  random 
stochastic  approach,  NRC  decided  to  follow  our  recommendations 
nal  round  of  feedback  with  all  our  experts  prior  to  finalizing 
the  analysis. 


In  addition,  we  critically  reviewed  our  methodology  which  lead  to  minor 
improvements  and  we  also  provided  an  extensive  account  of  documentation  on  the 
ways  the  experts  interpreted  our  questionnaires  and  how  they  developed  their 
answers.  Some  of  the  improvements  were  necessitated  by  the  recognition  of  the 
fact  that  the  results  of  our  study  will  be  used,  together  with  results  from 
other  studies  such  as  the  EPRI  study  or  the  USGS  study,  to  evaluate  the 
relative  hazard  between  the  different  plant  sites  in  the  EUS. 

This  volume  (Volume  II)  is  one  of  eight  volumes  where  the  methodology  and  the 
results  of  the  analysis  are  presented.  The  analysis  was  performed  for  a  total 
of  69  different  geographic  locations.  These  sites  were  divided  into  four 
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groups  (batches)  of  approximately  equal  size.  Volume  III  presents  the  results 
for  the  group  of  sites  roughly  located  in  the  Southeastern  part  of  the  EUS. 
It  contains  17  sites.  Vol.  IV  concerns  sites  located  in  the  North  Central  EUS 
and  Vol.  V  concerns  the  remaining  sites.  In  addition.  Vol.  VIII  represents 
the  results  for  an  alternative  soil  condition  at  some  of  the  sites. 

The  results  are  presented  individually  for  each  site  together  with  corrments 
The  seismic  hazard  results  presented  here  account  for  earthquakes  of  magnitude 
5  or  above  only,  and  a  set  of  calculations  was  made  to  provide  an  estimate  of 
the  seismic  hazard  created  at  each  of  the  sites  by  the  earthquakes  of 
magnitude  between  3.75  and  5. 

In  addition,  a  discussion  on  uncertainty,  comparison  between  sites, 
sensitivity  to  site  location  and  a  discussion  on  the  factors  influencing  the 
distribution  of  the  contributing  zones,  is  presented  in  Section  3. 

The  other  volumes  provide  an  extensive  description  of  the  methodology 
(Volume  I),  the  results  for  the  other  groups  of  sites  (Volume  II,  IV  and  V)  a 
summary  and  some  comparisons  between  sites  and  groups  of  sites  (Volume  VI)  ' 
and  finally  a  copy  of  all  the  questionnaires  used  in  the  analysis  to  develop 
the  input  is  given  in  Volume  VII. 
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1.   INTRODUCTION 

In  this  Volume  we  present  the  seismic  hazard  estimates  for  the  19  sites  in 
Batch  1  listed  in  Table  1.1  and  plotted  in  Fig.  1.1.  The  seismic  hazard 
results  for  the  Batch  1  sites  are  based  on: 

0   The  zonation  and  seismicity  inputs  provided  by  our  11  seismicity 
experts  (S-Experts)  listed  in  Table  1.2. 

0  The  ground  motion  models  (peak  ground  acceleration  (PGA)  models  and  I 
percent  damped  pseudo  velocity  spectral  models)  provided  by  our  5  G-^ 
Experts  listed  in  Table  1.3. 

0   The  methodology  we  developed  and  described  in  Vol.  I  of  this  report. 

The  results  presented  in  his  report  differ  from  our  previous  results 
Bernreuter  et  al.  (1984,  1985)  for  the  following  reasons: 

0   Used  the  final  updated  input  from  our  S  and  G-Experts  given  in 
Section  3  and  Appendix  B  of  Vol.  I.  As  discussed  in  Vol.  I,  S- 
Experts  3,6,7  and  12  provided  completely  new  zonations  and  seismicity 
parameters,  S-Experts  4,10,11  and  13  modified  some  of  their  zones  and 
seismicity  parameters,  and  the  G-Experts  significantly-changed  their 
ground  motion  models. 

0   Used  m^j  =  5.0  as  the  lower  bound  of  integration,  i.e.,  we  only 
included  the  contribution  from  earthquakes  with  magnitude  5.0  and 
greater.  In  our  previous  reports,  Bernreuter  et  al.  (1984  1985)  we 
used  a  lower  bound  of  3.75.  This  change  has  a  significant  impaction 
the  results  as  discussed  in  Bernreuter  et  al.  (1985).  We  present 
plots  for  every  site  which  gives  an  indication  of  how  much  the 
earthquakes  in  the  magnitude  range  3.75  to  5  would  contribute  to  the 
seismic  hazard  estimates  given  in  the  report. 

Corrections  for  the  soil  conditions  at  each  site  have  been  included  using  the 
approach  outlined  in  Section  3.7  of  Vol.  I.  However,  it  is  important  to  note 
that  each  site  is  put  in  a  single  fixed  site  soil  category  as  listed  in  Table 
1.1.  At  some  sites  the  main  containment  buildings  are  founded  on  rock  but 
some  structures  are  founded  on  shallow  soil.  The  seismic  hazard  estimates 
given  in  this  report  are  at  the  free  surface  and  for  rock  sites  it  is  at  the 
free  surface  of  the  rock  with  the  soil  removed.  Thus  for  these  rock  sites 
which  have  a  few  structures  founded  on  shallow  soil  the  results  presented  here 
should  be  corrected  for  the  shallow  soil  amplification  effects  as  described 
in  Vol.  VI  before  they  are  applied  to  the  structures  founded  on  soil.  If  all 
structures  are  founded  on  the  same  soil  condition,  then  no  added  correction  is 
needed. 
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Section  2  of  this  report  contains  the  results  for  each  site  and,  some  site 
specific  discussion.  In  section  3  of  this  report  we  make  regional 
observations  and  comparisons  between  sites.  In  Vol.  VI  we  reach  overall 
conclusions  based  on  the  regional  results  presented  in  this  volume  and  Vols 
III-V. 
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TABLE  1.1 


SITES  AND  SOIL  CATEGORY  USED  FOR  EACH  SITE 
IN  BATCH  1 


SITE  NAME 


MAP  (1) 
KEY 


SOIL  CATEGORY  (2) 


1.  Fitzpatrick 

2.  Ginna 

3.  Haddam  Neck 

4.  Hope  Creek 

5.  Indian  Point 

6.  Limerick 

7.  Maine  Yankee 

8.  Millstone 

9.  Nine  Mile  Pt. 

10.  Oyster  Creek 

11.  Peach  Bottom 

12.  Pilgrim 

13.  Salem 

14.  Seabrook 

15.  Shoreham 

16.  Susquehanna 

17.  Three  Mile  Island 

18.  Vermont  Yankee 

19.  Yankee  at  Rowe 


1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

0 

E 

F 

G 

H 

I 

J 


Rock 

Rock 

Rock 

Deep  Soil 

Rock 

Rock 

Rock 

Rock 

Rock** 

Deep  Soil 

Rock 

Sand-Like  2 

Deep  Soil 

Rock 

Deep  Soil 

Rock** 

Rock** 

Rock 

Till-  Like  2 


(1)  Key  used  on  Fig.  1.1 

(2)  Site  categories  are  given  in  Table  3.9  of  Vol.  I  and  repeated  in  Table 
1.4. 

{**)  Have  some  structures  founded  on  shallow  soil. 
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TABLE  1.2 

FINAL  EUS  ZONATION  AND  SEISMICITY  PANEL  NEHBERS 

(S-Panel) 

Professor  Gilbert  A.  Bollinger 
Mr.  Richard  J.  Holt 
Professor  Arch  C.  Johnston 
Dr.  Alan  L.  Kafka 
Professor  James  E.  Lawson 
Professor  L.  Tim  Long 
Professor  Otto  W.  Nuttli 
Dr.  Paul  W.  Pomeroy 
Dr.  J.  Carl  Stepp 
Professor  Ronald  L.  Street 

H 

Professor  M.  Nafi  Toksoz 
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TABLE  1.3 

FINAL  EUS  GROUND  MOTION  MODELING  PANEL  MEMBERS 

(G-Panel ) 


Dr.  David  M.  Boore 
Dr.  Kenneth  Campbell 
Professor  Mihailo  Trifunac 
Dr.  John  Anderson 
Dr.  John  Dwyer 
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TABLE  1.4 
DEFINITION  OF  THE  EIGHT  SITE  CATEGORIES 


Sand  Like 


Till-Like 


CATEGORY 


DEPTH 


Generic  Rock 

(1) 


Rock 


N/A 


(2)  Sand  1 

(3)  Sand  2 

(4)  Sand  3 


SI 

25  to  80  ft. 

S2 

80  to  180  ft. 

S3 

180  to  300  ft 

(5)  Till  1 

(6)  Till  2 

(7)  Till  3 


Tl 

25  to  80  ft. 

T2 

80  to  180  ft. 

T3 

180  to  300  ft 

Deep  Soil 

(8) 


Deep  Soil 


N/A 
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Figure  1.1   Map  showing  the  location  of  the  Batch  1  sites  contained  in  Vol 
II  of  this  report.  Map  symbols  are  given  in  Table  1.1. 
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2.  RESULTS  AND  SITE  SPECIFIC  DISCUSSION 

2.0  General  Introduction 


In  sections  2.1  to  2.19  we  provide  the  results  for  the  sites  listed  in  Table 
1.1.  Using  a  uniform  format  for  each  site  (i.e.  each  section),  we  first 
present  a  table  providing  the  following  information: 

0   the  soil  category  used  in  the  analysis  to  correct  for  local  site 
conditions. 

0   For  each  S-Expert  the  table  provides  a  listing  of  the  four  seismic 
zones  which  contribute  most  to  the  hazard  in  terms  of  the  peak  ground 
acceleration  (PGA)  hazard  at  both  lower  PGA  (0.125g)  and  at  higher 
PGA  (0.6g)  values.  The  zone  ID's  listed  in  the  tables  are  keyed  to 
the  S-Experts'  maps  given  in  Appendix  B  of  this  report. 

The  contribution  of  various  zones  given  in  the  table  for  each  site  is  limited 
only  to  the  contribution  to  the  best  estimate  hazard  curves  (BEHCs).  That  is, 
only  the  zones  on  the  best  estimate  map  (i.e.  those  zones  which  have  a 
probability  of  existence  of  0.5  or  greater)  and  only  the  best  estimate  (BE) 
ground  motion  attenuation  models  for  the  peak  ground  acceleration  (PGA)  are 
used.  This  is  a  limitation  that  should  be  kept  in  mind  as  in  a  few  cases 
contributing  zones  with  a  probability  of  existence  of  less  than  0.5  will  not 
be  listed.  In  addition,  the  contributing  zones  for  the  uniform  hazard  spectra 
might  be  different  from  the  contribution  for  PGA,  and  also  it  might  be 
different  between  frequencies. 

The  table,  labeled  Table  2.SN.1,  is  followed  by  ten  figures,  2.SN.1  to  2.SN.10 
(SN  -  Site  Number  given  in  Table  1.1).  The  first  four  figures.  Figs.  2.SN.1  - 
2.SN.4  give  various  PGA  hazard  curves.  The  next  six  figures.  Figs.  2.SN.5  - 
2.SN.10  give  various  5  percent  damped  relative  velocity  spectra  for  various 
return  periods.  It  should  be  noted  that  the  spectra  result  from  straight 
lines  drawn  between  the  five  periods,  (0.04s,  0.1s,  0.2s,  0.4s  and  1.0s)  at 
which  the  calculations  were  performed. 

Figures  2.SN.1  give  a  comparison  between  the  best  estimate  hazard  curve 
(BEHC),  and  the  arithmetical  mean  hazard  curve  (AMHC)  for  the  peak  ground 
acceleration  (PGA). 

The  BEHC  and  the  AMHC  are  aggregated  over  all  S  and  G-Experts  and  include  the 
experts'  self  weights.  Reference  should  be  made  to  Section  2  and  Appendix  C 
of  Vol.  1  for  a  discussion  on  these  estimators.  Briefly,  in  our  elicitation 
process  we  asked  each  S-expert  to  indicate  which  set  of  zones  he  considered 
his  "best  estimate"  in  the  sense  that  it  represented  the  most  likely  of  all  of 
his  choices  and  similarly  for  the  best  estimate  values  for  all  of  the 
seismicity  parameters  for  each  zone.  We  also  asked  each  G-Expert  to  indicate 
which  ground  motion  model  represented  his  best  estimate  model.  Then,  as 
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indicated  in  Vol.  I,  the  set  of  best  estimate  zones  and  seismicity  parameters 
are  used  with  each  of  the  best  estimate  ground  motion  models  to  generate  55 
BEHCs'  (i.e.  11  S-Experts  X  5  G-Experts).  These  55  curves  are  then  aggregated 
using  both  the  S  and  6-Experts'  self  weights.  The  AMHC  curves  are  generated 
in  the  usual  manner  using  all  2750  simulations  of  the  Monte  Carlo  analysis. 

Figures  2.SN.2  give  the  BEHC  for  each  S-Expert  aggregated  over  the  five  G- 
Experts.  Whenever  individual  S-Experts'  hazard  curves  are  plotted  they  are 
denoted  by  the  plot  key  given  in  Table  2.0.  Figures  2.SN.2  give  a  measure  of 
the  range  of  difference  of  opinion  between  the  S-Experts. 

Figures  2.SN.3  give  the  median  and  a  measure  of  the  overall  uncertainty  in  the 
form  of  the  15th,  50th  and  85th  constant  percentile  hazard  curves  (CPHCs) 
based  on  all  2750  simulations. 


Figures  2.SN.4  give  the  contribution  to  the  BEHC  (aggregated  over  all  S  and  G- 
Experts)  for  earthquakes  in  four  magnitude  ranges: 


Curve  Number 
Magnitude  Range 

1 
2 
3 
4 


3.75  1  mu  <  5 
5  <  mij  _<  5775 
5.75  ±%  ±6.5 
6.5  _<  mjj 


The  curves  of  Figures  2.SN.4  are  useful  to  indicate  the  relative  contribution 
of  smaller,  moderate  and  large  earthquakes  to  the  seismic  hazard  and  how  much 
higher  the  estimated  seismic  hazard  would  be  if  the  contribution  of  smaller 
earthquakes  in  the  range  3.75  to  5.0  were  included. 


Figures  2.SN.5  give  the  best  estimate  uniform  hazard  spectra  (BEUHS)  for 
return  periods  of  500,1000,2000,5000,  and  10,000  years,  aggregated  over  all  S 
and  G-Experts. 

Figures  2.SN.6  give  the  1000  year  return  period  BEUHS  for  each  of  the  S- 
Experts,  aggregated  over  the  G-Experts.  The  S-Experts'  BEUHS  are  plotted 
using  the  symbols  in  Table  2.0.  These  plots  give  a  good  measure  of  the 
significance  of  the  differences  in  opinion  between  the  S-Experts. 

Figures  2.SN.7,8,9  give  the  15th,  50th  and  85th  constant  percentile  uniform 
hazard  spectra  (CPUHS)  aggregated  over  all  S  and  G-Experts  for  return  periods 
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of  500,1000  and  10,000  years.  The  spread  between  the  15th  and  85th  CPUHS 
gives  a  good  measure  of  the  overall  uncertainty  in  the  estimate  of  the  seismic 
hazard  at  the  site. 


Figures  2.SN.10  give  the  50th  CPUHS  for  return  periods  of  500,1000,2000,  5000 
and  10,000  years,  aggregated  over  all  S  and  G-Experts. 

Discussion  will  only  be  given  if  some  factors  of  interest  are  noted.  In 
Section  3  comparisons  between  the  sites  and  general  observations  are  made. 

It  should  be  noted  that  all  the  sites  considered  in  this  report  (Batch  1 
sites)  listed  in  Table  1.1  were  assumed  to  be  in  the  Region  1  (see  Fig.  2.3  of 
Vol  1).  This  region  of  North  America,  which  we  refer  to  as  Region  1  in  some 
of  the  figures  in  this  report,  and  which  roughly  encompassed  the  North  East  of 
the  United  States  and  parts  of  Eastern  Canada,  is  not  related  to  the  Region  1 
as  it  is  defined  by  the  NRC,  for  regulation  purposes.  The  Hope  Creek, 
Limerick,  Peach  Bottom,  Salem,  Susquehanna  and  Three  Mile  Island  sites  are 
very  near  the  border  and  could  be  placed  in  other  regions.  It  only  applies 
for  Region  1  as  G-Expert  2  specified  different  BE  GM  models  for  Region  1  than 
in  Regions  2-4.  The  significance  of  this  assumption  is  discussed  in  Section 
3. 
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TABLE  2.0 

PLOT  SYMBOL  KEY  USED  FOR  INDIVIDUAL 
S-EXPERTS  ON  FIGS.  2.SN.2  and  2.SN.6 


Expert  No. 


Plot  Symbol 


1 

2 

3 

4 

5 

6 

7 

10 

11 

12 

13 


-11- 


[•tk'www^M'urBCi. 


''•.V/.;-: 


2.1  FITZPATRICK 

Fitzpatrick  is  a  rock  site  and  is  represented  by  the  symbol  "1"  in  Fig.  1.1. 
Table  2.1.1  and  Figs.  2.1.1  to  Figs.  2.1.10  give  the  basic  results  for  the 
Fitzpatrick  site.  The  large  spread  between  the  BEHC  and  AMHC  in  Fig.  2.1.1 
indicates  that  there  is  considerable  diversity  of  opinion  between  the  experts 
with  some  relatively  high  and  low  outliers.  The  AMHC  is  close  to  the  85th 
percentile  CPHC. 

The  fact  that  the  85th  percentile  CPHC  is  so  much  higher  than  the  50th  CPHC 
suggests  that  the  distribution  of  hazard  curves  is  bimodal.  This  is  discussed 
later  in  Section  3.0  and  is  in  part  explained  by  the  presence  of  a  high  ground 
motion  model,  as  discussed  in  detail  in  Section  3.2  of  Volume  VI. 

Figure  2.1.4  indicates  that  most  of  the  hazard  is  coming  from  earthquakes  in 
the  5.0  £  niK  1  ^-^  range,  with  the  range  5.75  £  %  1  6.5  being  the  most 
significant.  Figure  2.1.4  also  suggests  that  the  hazard  curve  would  only 
change  for  PGA  values  less  than  0.15g  if  earthquakes  in  the  range  3.75  1  tijj  _< 
5  were  to  be  included. 

Examination  of  Table  2.1.1  reveals  several  interesting  results  about  which 
zones  are  contributing  most  to  the  hazard  the  Fitzpatrick  site.  In  particular 
for  S-Experts  1,2,4,5,11,12  and  13  somewhat  distant  zones  are  significant. 
There  are  several  reasons  for  this.  First,  it  should  be  recalled  that  the 
percent  contributed  listed  in  Table  2.1.1  is  relative  to  the  BE  map.  Thus,  for 
example,  if  we  examine  the  map  for  S-Expert  2  in  Appendix  B,  we  see  that  zones 
33  and  26  are  very  near  the  site,  yet  they  are  not  listed  in  Table  2.1.1. 
This  is  because  zones  26  and  33  for  S-Expert  2  only  have  a  probability  of 
existence  of  only  0.4  and  thus  are  not  part  of  the  BE  map  (see  Table  B2.1  in 
Appendix  B).  It  is  likely  that  zone  33  contributes  significantly  to  the 
uncertainty  at  the  Fitzpatrick  site.  Secondly,  the  BEHC  are  aggregated  over 
the  G-Experts  (Per  S-Expert)  arithmetically  so  that  a  high  outlier  tends  to 
dominate  the  results.  It  is  shown  in  Section  3.2  of  Volume  VI  how  G-Expert 
5's  ground  motion  model  leads  to  BEHCs  that  are  high  outliers  (relative  to  the 
other  G-Experts'  BEHCs  per  S-Expert).  G-Expert  5's  BEHCs  are  high  in  the 
sense  indicated  for  several  reasons: 

(1)  Most  importantly,  as  discussed  in  Vol.  1  Section  3.5,  for  the  same 
distance  and  magnitude,  the  Model  G16-A3  (G-Expert  5's  choice  for  BE 
GM  model)  is  higher  by  a  factor  of  2  relative  to  the  other  BE  GM 
models  for  rock  sites.  A  factor  of  2  in  PGA  results  approximately  a 
factor  of  8-10  in  probability  of  exceedance.  (See  also  Volume  VI 
Section  3.2.) 

(2)  It  can  be  seen  from  Fig.  3.4  in  Vol.  1  that  G-Expert  5's  BE  PGA 

(GM  model  G16-A3)  has  significantly  lower  attenuation  than  the  other 
models  particularly  at  the  larger  magnitudes.  This  coupled  with  the 
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site  correction  factor  for  rock  increases  the  contribution  from 

distant  zones  which  have  larger  earthquakes.  For  example,  a  simple 

calculation  would  show  that  earthquakes  of  m^  =  6.0  have  the  same  PGA 
at  100  km  as  m^j  =  5  earthquakes  at  20  km. 

(3)  6-expert  5  set  the  random  uncertainty  (standard  deviation  on  the 

natural  log  of  the  PGA)  to  0.7  compared  to  the  range  of  values  (0.35 
-  0.55)  selected  by  the  other  G-Experts.  Relative  to  results 
obtained  with  a  value  of  0.55,  this  larger  uncertainty  (0.7)  leads  to 
an  increase  in  the  G-Expert  5's  BEHC  by  about  a  factor  of  2  in 
probability  of  exceedance  at  lower  (0.2g)  g-values  to  over  a  factor 
of  3  at  high  g-values  (0.9g). 

In  summary  we  typically  expect  at  rock  sites  that  BEHC  for  G-Expert  5  for  any 
S-Expert  will  be  about  a  factor  of  10-20  higher  in  probability  of  exceedance 
relative  to  the  other  BE  GM  models  (factors  (1)  and  (3)  noted  above)  as 
illustrated  in  Fig.  2.1.11.  In  Fig.  2.1.11  we  plot  the  BEHCs  per  G-Expert  for 
S-Expert  3's  seismicity  input.  At  the  Fitzpatrick  site  we  have  for  some  S- 
Experts  the  case  where  the  zone  that  contains  the  site  has  a  low  upper 
magnitude  cutoff  and  a  nearby  zone  which  has  a  significantly  larger  upper 
magnitude  cutoff.  In  this  case  the  low  attenuation  of  model  G16-A3  becomes 
very  important  and  G-Expert  5's  BEHC  becomes  significantly  larger  (relative  to 
the  typical  case  illustrated  in  Fig.  2.1.11)  than  the  other  BEHCs  per  G-Expert 
for  a  given  S-Expert 's  input.  Such  a  case  is  shown  in  Fig.  2.1.12  where  the 
BEHC  per  G-Expert  based  on  S-Expert  I's  input  is  plotted.  It  can  be  seen  from 
Table  2.1.1  and  the  map  for  S-Expert  1  in  Appendix  B  zone  20  which  contribute 
most  to  the  hazard  is  some  distance  from  the  site.  The  upper  magnitude  cutoff 
in  zone  15  which  contains  the  site  is  only  5.8  whereas  it  is  6.7  for  zone 
20.  In  addition,  based  on  the  parameters  given  in  Appendix  B  for  S-Expert  1, 
it  is  easy  to  show  that  the  rate  of  earthquakes  per  unit  area  in  the  magnitude 
5-6  range  is  over  100  times  higher  in  zone  20  than  in  zone  15,  thus  the  BEHC 
for  G-Expert  5  is  much  higher  than  the  other  BEHC.  It  should  be  noted  that 
other  GM  models  will  result  in  hazard  curves  where  the  more  distant  zones  are 
important.  In  particular  the  models  SE-IA  and  COMB-la  are  two  such  models. 
Additional  discussion  is  given  in  Section  3. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.1.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Fitzpatrick  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.1.2   BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the 
Fitzpatrick  site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.1.3   CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Fitzpatrick  site. 
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Figure  2.1.4 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Fitzpatrick  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.1.5   BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Fitzpatrick 
•site. 


-19- 


-A«fe4KM<i>a(wa--. 


E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 

1000.  YEARS  RETURN  PERIOD 
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Figure  2.1.6   The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Fitzpatrick  site.  Plot  symbols  are  given 
in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500.-YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 
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Figure  2.1.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Fitzpatrick  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.1.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the 
Fitzpatrick  site. 
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E  U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 
PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.1.9 


10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Fitzpatrick  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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Figure  2.1.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Fitzpatrick  site, 
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EUS  SEISMIC  HAZARD  CHARACTERIZATION,  SEPT.  1987 
LOWER  MAGNITUDE  OF  INTEGRATION  =  5. 
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Figure  2.1.11. 


Comparison  of  the  BEHCs  for  PGA  per  6-Expert  for  S-Expert  3s 
input  for  the  Fitzpatrick  site.  The  spread  between  G-Expert 
5's  BEHC  and  the  BEHCs  for  the  other  G-Experts'  BEHCs  is 
typical  for  rock  sites  located  in  region  1. 
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Figure  2.1.12. 


Comparison  of  the  BEHCs  for  PGA  per  G-Expert  for  S-Expert  I's 
input  for  the  Fitzpatrick  site.  The  spread  between  G-Expert 
5's  BEHC  and  the  other  G-Experts'  BEHCs  is  only  typical  for 
S-Experts  1,  2,  4,  5,  11,  12,  and  13  for  the  Fitzpatrick, 
Ginna,  and  Nine  Mile  Point  sites. 
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2.2  GINNA 

Ginna  is  a  rock  site  and  is  represented  by  symbol  "2"in  Fig.  1.1.  Table  2.2.1 
and  Figs.  2.2.1  to  2.2.10  give  the  basic  results  for  the  Ginna  site.  The 
large  spread  between  the  BEHC  and  AMHC  indicates  a  large  diversity  of  opinion 
among  both  the  S  and  G-Experts.  The  AMHC  generally  lies  above  the  85th 
percentile  CPHC  indicating  some  high  outliers. 


The  BEHC  is  also  very  high,  in  part,  because,  as  can  be  seen  from  Fig.  2.2.2, 
S-Expert  5's  BEHC  is  much  higher  than  the  other  S-Experts.  This  occurs 
because  only  S-Expert  5  had  the  Ginna  site  in  a  relatively  small  zone  with 
relatively  high  seismicity.  Also,  zone  6  is  an  extremely  important  zone  for 
Expert  5.  It  is  in  fact  the  contribution  from  zone  6  which  dominates  the 
BEHC.  However  the  probability  of  existence  of  zone  6  is  only  0.5.  Thus  it 
only  occurs  in  one  half  of  the  maps.  For  this  case,  the  contributions  given 
in  Table  2.2.1  for  S-Expert  5  are  a  bit  misleading  as  this  zone's  (zone  6) 
probability  of  existence  is  not  factored  in.  Zone  26  of  S-Expert  2  had  a  zone 
similar  to  S-Expert  5's  zone  5,  however  the  probability  of  existence  of  zone 
26  is  only  0.4.  Thus  as  indicated  in  Section  2.0,  S  Expert  2's  zone  26  is  not 
included  in  the  tabulation  given  in  Table  2.2.1  because  only  the  best  estimate 
zones  are  included  in  Table  2.2.1.  For  such  cases  as  this  the  BEHC  and 
listing  of  zonal  dominance  tend  to  give  a  somewhat  distorted  picture  of  the 
seismic  hazard. 


Figure  2.2.4  ind 
the  5.0  <  mjj  <  6 
importanT.  IT  i 
the  range  3.75  <_ 
values  less  than 
not  account  for 
the  modeling  unc 
we  verified  that 
fact  that  the  BE 


icates  that  most  of  the  hazard  is  coming  from  earthquakes  in 

.5  range  with  the  range  5.75  <  m^j  £  6.5  being  most 

s  also  seen  from  Fig.  2.2.4  tTTat  inclusion  of  earthquakes  in 

m^j  <  5.0  would  only  have  much  impact  on  the  BEHC  for  PGA 

O.lTg.  The  conclusions  drawn  here  are  based  on  BEHC,  thus  do 
all  the  zones  and  ground  motion  models  and  do  not  account  for 
ertainty.  However,  in  tests  performed  all  along  this  study, 

those  conclusions  were  correct.  This  is  due  mostly  to  the 

case  strongly  dominates  the  results. 


m 


The  discussion  given  in  Section  2.1  relative  to  the  dominance  of  G-Expert  5's 
GM  model  for  the  BEHC  and  AMHC  also  applies. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.2.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Ginna  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.2.2   BEHCs  per  S-Expert  combined  over  all  6-Experts  for  the  Ginna 
site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.2.3   CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Ginna  site. 
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Figure  2.2.4 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Ginna  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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500..  1000..  2000.,   5000..   10000.  YEARS  RETURN  PERIOD 
3      BEST  ESTIMATE  SPECTRA  COMBINED  OVER  ALL  EXPERTS 
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Figure  2.2.5   BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Ginna  site, 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 
1000.  YEARS  RETURN  PERIOD 
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Figure  2.2.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Ginna  site.  Plot  symbols  are  given  in 
Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.2.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Ginna 
site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =  15.,  50.  AND  85. 
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Figure  2.2.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Ginna 
site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.2.9 


10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Ginna 
site. 
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Figure  2.2.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Ginna  site. 
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2.3  HAODAM  NECK 

Haddam  Neck  is  a  rock  site  and  is  represented  by  the  symbol  "3"  in  Fig.  1.1. 
Table  2.3.1  and  Figs.  2.3.1  to  2.3.10  give  the  basic  results  for  the  Haddam 
Neck  site.  The  AMHC  is  close  to  the  85th  percentile  CPHC. 

We  see  from  Table  2.3.1  that  for  most  S-Experts  the  zone  which  contributes 
most  to  the  BEHC  is  the  zone  that  contains  the  site.  Usually  this  means  that 
the  relative  spread  between  BEHCs  per  6-Expert  for  any  given  S-Expert  is 
limited  because  the  spreading  effect  due  to  G-Expert  5  does  not  show  up  in 
local  seismicity.  Thus  there  is  much  less  spread  between  the  BEHC  and  AMHC  as 
compared  to  Fitzpatrick  and  Ginna  for  which  large  and  distant  earthquakes 
contribute  significantly  to  the  overall  hazard,  and  thus  the  spreading  effect 
of  G-Expert  5  becomes  important.  In  addition  we  would  expect  that  the 
contribution  of  small  earthquakes  to  the  BEHC  would  be  more  significant  than 
when  the  contribution  of  some  distant  zone  was  more  significant  than  the  local 
zone  containing  the  site. 

We  see  from  Fig.  2.3.4  that  this  is  the  case  for  the  Haddam  Neck  site  because 

if  earthquakes  in  the  3.75  to  5.0  range  were  included,  the  BEHC  would  be  about 

a  factor  of  2  higher  at  0.05g,  a  factor  of  1.3  higher  at  about  0.2g  and 

decreasing  to  nearly  a  factor  of  1.0  at  about  0.6g. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.3.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Haddam  Neck  site. 
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Figure  2.3.2   BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Haddam 
Neck  site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15.,  50.  AND  85. 
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Figure  2.3.3   CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Haddam  Neck  site. 
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Figure  2.3.4 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Haddam  Neck  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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Figure  2.3.5   BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Haddam  Neck 
site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 

1000.  YEARS  RETURN  PERIOD 
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Figure  2.3.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Haddam  Neck  site.  Plot  symbols  are  aiven 
in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.3.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Haddam 
Neck  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.3.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Haddam 
Neck  Site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15.,  50.  AND  85. 
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Figure  2.3.9 


10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  6-Experts  for  the  Haddam 
Neck  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 


50-TH  PERCENTILE  SPECTRA  FOR  ALL  RETURN  PERIODS 
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Figure  2.3.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Haddam  Neck  site, 
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2.4  HOPE  CREEK 

Hope  Creek  is  deep  soil  and  is  represented  by  the  symbol  "4"  in  Fig.  1.1.  It 
was  noted  in  Section  2.0  that  the  Hope  Creek  site  is  located  on  the  boundary 
between  regions  1  and  2  used  by  our  experts.  6-Expert  2  did  provide  different 
BE  GM  models  in  region  1  as  compared  to  the  other  regions  (see  Vol.  I,  Section 
3.5).  The  results  presented  here  are  based  on  locating  the  site  in  region 
r.  The  sensitivity  to  region  choice  is  discussed  in  Section  3. 

Table  2.4.1  and  Figs.  2.4.1  to  2.4.10  give  the  basic  results  for  the  Hope 
Creek  site.  The  AMHC  is  about  the  same  as  the  85th  percentile  CPHC.  Because 
Hope  Creek  is  a  deep  soil  site  then  G-Expert  5's  BE  GM  model  does  not  dominate 
the  BEHC  and  AMHC  results  in  the  same  way  that  it  did  for  rock  sites.  A 
typical  case  showing  the  spread  between  the  G-Experts'  BEHC  for  a  given  S- 
Expert's  input  is  shown  in  Fig.  2.4.11.  It  is  seen  that  there  is  very  little 
difference  between  G-Experts'  BEHCs.  Because  of  this  relatively  small  spread 
in  the  G-Experts'  BEHCs  the  combined  BEHC  is  relatively  close  to  the  median. 
The  spread  between  G-Expert  5's  BEHC  and  the  other  6-Experts'  BEHC  is  larger 
for  S-Expert  5  and  11.  As  can  be  seen  from  Table  2.4.1,  for  these  two  S- 
Experts  zones  other  than  the  zone  which  contains  the  site  are  the  most 
significant.  As  noted  previously  in  Section  2.1,  when  this  happens  G-Expert 
5's  BEHC  tends  to  be  higher  than  the  other  G-Experts'  BEHC. 


It  can  be  seen  from  Fig.  2.4.4  that  the  earthquakes  in  the  magnitude  range  5.0 
<  mk  <  5.75  contribute  about  the  same  as  the  earthquakes  in  the  range  5.75  _< 
~  '  ~  ■"   We  also  see  from  Fig.  2.4.4  that  out  to  about  0.4g,  including 


mjj  <  6.5. 


II  lU       -^       U.J.  HC      OIOU      JCC       11    Will      1      ly.       t-.T..       w..—  -      w».- ---ai        ^ 

earlhquakes  in  the  range  of  3.75  1  m^  _<  5  would  increase  the  BEHC  by  about  a 
factor  of  2.0  at  0.05g,  a  factor  of  1.3  at  0.2g  and  dropping  to  1.  by  0.5g. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGrJITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.4.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  6- 
Experts  for  the  Hope  Creek  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.4.2 


BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Hope 
Creek  site.  Plot  symbols  given  in  Table  2.0. 
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Figure  2. 

4.3 

CPHCs  for  the  15th,  50th  and  85th  percentiles 
and  G-Experts'    input  for  the  Hope  Creek  site. 
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Figure  2.4.4 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Hope  Creek  site. 
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LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 


o 

LJ 
t/1 


2 
O 


o 
o 


10 


500..    1000..    2000..      5000..       10000.    YEARS   RETURN   PERIOD 
3  BEST    ESTIMATE   SPECTRA   COMBINED  OVER  ALL    EXPERTS 


10 


10 


10 


-1 
10 


I  o 


K)    -"t  I/)  torvoccn 


PERIOD   (SEC)      2 

HOPE   CREEK 


Figure  2.4.5 


BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Hope  Creek 
site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 

1000.  YEARS  RETURN  PERIOD 
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Figure  2.4.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Hope  Creek  site.  Plot  symbols  are  given 
in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500.-YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.4.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Hope 
Creek  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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h'gure  2.4.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Hope 
Creek  site. 
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10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR  : 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.4.9 


10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Hope 
Creek  site. 
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50-TH  PERCENTILE  SPECTRA  FOR  ALL  RETURN  PERIODS 
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Figure  2.4.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Hope  Creek  site. 
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EUS  SEISMIC  HAZARD  CHARACTERIZATION,  SEPT.  1987 
LOWER  MAGNITUDE  OF  INTEGRATION  =  5. 
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BEST  ESTIMATES  FOR  SEISMIC  EXPERT  10 
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Figure  2.4.11. 


Comparison  of  the  BEHCs  for  PGA  per  6-Expert  for  S-Expert 
10 's  input  for  the  Hope  Creek  site.  The  spread  between  the 
Experts'  BEHCs  is  typical  for  deep  soil  sites  in  region  1. 
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2.5  INDIAN  POINT 

Indian  Point  is  a  rock  site  and  is  represented  by  the  symbol  "5"  in 
Fig.  1.1.  Table  2.5.1  and  Figs.  2.5.1  to  2.5.10  give  the  basic  results  for 
the  Indian  Point  site.  The  AMHC  is  about  the  same  as  the  85th  percentile 
CPHC.  Typically,  the  spread  between  the  BEHCs  per  6-Expert  for  a  given  S- 
Expert  is  similar  to  that  shown  in  Fig.  2.1.11. 

We  see  from  Fig.  2.5.4  that  earthquakes  in  the  ranges  5.0  1  mu  <  5.75  and 
5.75  £  mu  <  6.5.  equally  contribute  to  the  PGA  hazard.  We,  also  see  that 
earthquakes  in  the  range  3.75  to  5.0  would  increase  the  PGA  hazard  about  a 
factor  of  2.0  at  low  g  values  to  about  1.3  at  about  0.3g  and  above  about  0.5g 
the  potential  contribution  of  the  earthquakes  in  the  range  3.75  to  5  is  small, 
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E.U.S.    SEISMIC   HAZARD   CHARACTERIZATION 
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Figure  2.5.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Indian  Point  site. 
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Figure  2.5.2 


BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Ind 
Point  Site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.5.3 


CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Indian  Point  site. 
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Figure  2.5.4   BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Indian  Point  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.5.5   BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 

years  aggregated  over  all  S  and  G-Experts  for  the  Indian  Point 
site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 

1000.  YEARS  RETURN  PERIOD 
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Figure  2.5.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Indian  Point  site.  Plot  symbols  are 
given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50,  AND  85. 


10 


o 

ui 
to 


o 
o 


10 


10 


10 


-1 
10 


I  o 


I  o 


PERIOD  (SEC)  2 

INDIAN  POINT 


Figure  2.5.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Indian 
Point  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND   85. 
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Figure  2.5.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Indian 
Point  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.5.9   10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Indian 
Point  site. 
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Figure  2.5.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Indian  Point 
site. 
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2.6  LIMERICK 

Limerick  is  a  rock  site  and  is  represented  by  the  symbol  "6"  in  Fig.  1.1. 
Table  2.6.1  and  Figs.  2.6.1  to  2.6.10  give  the  basic  results  for  the  Limerick 
site.  Limerick  was  one  of  the  ten  test  sites  analyzed  earlier  for  which  the 
results  are  documented  in  Bernreuter  et.  al.,  (1985),  documented  in 
UCID-20421,  Vols.  1  and  2,  "Seismic  Hazard  Characterization  of  the  Eastern 
United  States".  As  indicated  in  Vol.  I  there  is  very  little  difference 
between  the  PGA  AMHC  given  in  Fig.  2.6.1  and  our  previous  results  reported  in 
Bernreuter  et  al.,  1985,  provided  that  the  lower  bound  of  magnitude  used  for 
integration  is  the  same.  However  the  UHCPS  are  significantly  different  at 
longer  periods.  The  spread  between  the  G-Experts'  BEHCs  is  similar  to  the 
spread  shown  in  Fig.  2.1.11. 

The  AMHC  is  about  the  same  as  the  85th  percentile  CPHC.  We  see  from  Fig. 
2.6.2  that  there  is  a  wide  diversity  among  the  S-Experts.  From  Fig.  2.6.4  we 
see  that  earthquakes  in  the  range  of  3.75  to  5.0  would  contribute 
significantly  to  the  PGA  hazard.  Thus  including  the  earthquakes  between 
magnitude  3.75  and  5  would  multiply  the  final  seismic  hazard  by  about  a  factor 
of  2.0  at  0.05g,  a  factor  of  1.3  at  0.2g,  and  nearly  1.0  at  0.5g. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
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Figure  2.6.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Limerick  site. 
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Figure  2.6.2 


BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Limerick 
site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.6.3 


CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Limerick  site. 
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Figure  2.6.4 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Limerick  site. 
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Figure  2.6.5 


BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Limerick 
site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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Figure  2.6.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  -over 
all   G-Experts  for  the  Limerick  site.     Plot  symbols  are  given  in 
Table  2.0. 
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Figure  2.6.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Limerick  site. 
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LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.6.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Limerick 
site. 
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10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.6.9 


10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Limerick  site. 
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2.7  MAINE  YANKEE 

Maine  Yankee  is  a  rock  site  and  is  indicated  by  the  symbol  "7"  in  Fig.  1.1. 
Table  2.7.1  and  Figs.  2.71  to  2.7.10  give  the  basic  results  of  the  analysis. 
The  Maine  Yankee  site  was  one  of  the  ten  test  sites  analyzed  in  Bernreuter  et 
al.  (1985).  As  discussed  in  Vol.  1,  Section  4  there  is  little  difference 
between  the  AMHC  and  the  CPHCs  plotted  in  Figs.  2.7.1  and  2.73  and  our 
previous  results,  see  Bernreuter  et.  al.,  (1985),  for  a  lower  bound  magnitude 
of  5.  However,  the  CPUHS  are  significantly  different  from  our  previous 
results. 

It  is  interesting  to  observe  from  Fig.  2.7.4  that  earthquakes  larger  than  mu  = 
6.5  make  a  significant  contribution  to  the  PGA  hazard  curve  at  the  Maine 
Yankee  site.  We  also  see  that  if  earthquakes  in  the  range  of  3.75  to  5  were 
Included  the  hazard  would  only  be  affected  out  to  about  0.2g. 

The  spread  between  G-Experts'  BEHCs  is  relatively  similar  to  that  shown  in 
Fig.  2.1.11  except  for  S-Experts  1,2,7,11  and  13  where  it  is  somewhat  larger 
(about  a  factor  of  2  on  probability  of  exceedance),  but  still  much  less  than 
the  extremely  large  difference  shown  in  Fig.  2.1.12.  Generally,  the  increase 
in  relative  spread  between  G-Expert  5's  BEHC  and  the  others  for  S-Experts 
1,2,7,11  and  13  occurs  because  some  distant  zone  or  zones  with  large 
earthquakes  combined  with  the  low  attenuation  of  G-Expert  5's  ground  motion 
model,  contribute  significantly  to  the  hazard.  For  example,  Maine  Yankee  is 
in  S-Expert  11 's  zone  1  however,  as  can  be  seen  from  Table  2.7.1,  zone  3 
contributes  most  to  the  BEHC  for  S-Expert  11.  Referring  to  Vol.  1  Appendix  B, 
we  find  that  the  BE  for  the  upper  magnitude  cutoff  in  S-Expert  11 's  zone  1  is 
mjj  -  5.8  whereas  for  zone  3  it  is  7.0.  In  addition  the  slope  for  the  b-value 
is  much  different,  1.0  in  zone  1  and  only  0.6  in  zone  3. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNfTUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.7.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Maine  Yankee  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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Figure  2.7.2   BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Maine 
Yankee  site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15.,  50.  AND  85. 
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Figure  2.7.3   CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Maine  Yankee  site. 
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Figure  2.7.4 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Maine  Yankee  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 


500..  1000..  2000..   5000..   10000.  YEARS  RETURN  PERIOD 
3       BEST  ESTIMATE  SPECTRA  COMBINED  OVER  ALL  EXPERTS 
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Figure  2.7.5   BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 

years  aggregated  over  all  S  and  G-Experts  for  the  Maine  Yankee 
isite. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 

1000.  YEARS  RETURN  PERIOD 
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Figure  2.7.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Maine  Yankee  site.  Plot  symbols  are 
given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.7.7   500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Maine 
Yankee  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000.-YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15.,  50.  AND  85. 
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Figure  2.7.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Maine 
Yankee  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.7.9 


10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Maine 
Yankee  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 


50-TH  PERCENTILE  SPECTRA  FOR  ALL  RETURN  PERIODS 
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Figure  2.7.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Maine  Yankee 
site. 
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2.8  MILLSTONE 

Millstone  is  a  rock  site  and  is  represented  by  the  symbol  "8"  in  Fig.  1.1. 
Table  2.8.1  and  Figs.  2.8.1  to  2.8.10  give  the  basic  results  for  the  Millstone 
site.  Millstone  was  one  of  the  ten  test  sites  analyzed  in  Bernreuter  et  al. 
(1985).  In  Vol.  1,  Section  4-1  comparisons  were  made  between  the  results 
plotted  in  this  section  and  our  previous  results  given  in  Bernreuter  et  al. 
(1985).  We  concluded  in  Vol.  1  that  there  was  little  change  in  the  PGA  hazard 
but  there  was  significant  differences  in  the  CPUHS. 

We  see  from  Fig.  2.8.4  that  if  earthquakes  in  the  range  3.75  to  5  were 
included,  the  hazard  at  the  Millstone  site  would  be  increased  by  a  factor  2  at 
0.05g,  a  factor  of  1.3  at  0.2g  to  very  little  at  0.6g. 

We  see  from  Table  2.8.1,  that  unlike  at  the  Maine  Yankee  site  previously 
discussed,  the  zone  that  contains  the  site  is  the  most  significant  contributor 
to  the  BEHC  for  most  S-Experts.  Thus,  the  spread  between  the  G-Experts  BEHCs 
per  S-Expert  is  similar  to  that  shown  in  Fig.  2.1.11. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.8.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Millstone  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.8.2 


BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Mill 
Stone  site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.8.3 


CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Mill  Stone  site. 
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Figure  2.8.4 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Mill  Stone  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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500.,  1000.,  2000.,   5000.,   10000.  YEARS  RETURN  PERIOD 
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Figure  2.8.5 


BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Mill  Stone 
site. 
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E.U.S    SEISMIC   HAZARD   CHARACTERIZATION 
LOWER  MAGNITUDE  OF    INTEGRATION    IS   5.0 

BEST   ESTIMATE   SPECTRA   BY   SEISMIC   EXPERT    FOR 

1000.    YEARS   RETURN   PERIOD 
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Figure  2.8.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Mill  Stone  site.  Plot  symbols  are  given 
in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15.,  50.  AND  85. 
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Figure  2.8.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Mill 
Stone  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000.-YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR  : 

PERCENTILES  =   15. .  50.  AND  85. 
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Figure  2.8.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Mill 
Stone  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.8.9 


10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Mill 
Stone  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.8.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Mill  Stone  site, 
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2.9  NINE  NILE  POINT 

Nine  Mile  Point  is  a  rock  site  represented  by  the  symbol  "9"  in  Fig.  1.1. 
Table  2.9.1  and  Figs.  2.9.1  to  2.9.10  give  the  basic  results  for  the  Nine  Mile 
Point  site. 

It  can  be  seen  from  Fig.  1.1  that  the  Nine  Mile  Point  site  is  almost  at  the 
same  location  as  the  Fitzpatrick  site.  The  results  for  the  Nine  Mile  Point 
site  are  essentially  the  same  as  for  the  Fitzpatrick  site,  hence  the 
discussion  of  Section  2.1  is  not  repeated.  Because  the  uncertainty  in  the 
hazard  is  so  large  at  the  Nine  Mile  Point  and  Fitzpatrick  sites  ,  e.g.,  as 
measured  by  the  large  spread  between  the  BEHC  and  AMHC  shown  in  Fig.  2.9.1  or 
Fig.  2.1.1  there  are  differences  between  the  results  for  the  two  sites  due  to 
the  fact  that  the  random  sampling  of  the  distributions  are  different  for  each 
Monte  Carlo  analysis.  This  point  is  discussed  in  detail  in  Section  3. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.9.1   Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Nine  Mile  Point  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.9.2 


BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Nine 
Mile  Pt.  site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15. ,  50.  AND  85. 
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Figure  2.9.3   CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Nine  Mile  Pt.  site. 


-116- 


< 

UJ 

>- 


< 


O 


< 

m 
o 


-1 

10 


-2 
10 


-3 

10 


-4 
10 


-5 

10 


-6 

10 


-7 
10 


HAZARD  CURVES  USING  ALL  EXPERTS 


•<*      ir>      lO      r^ 
ACCELERATION  CM/SEC*'2 

NINE  MILE  POINT 


^■m-y 


Figure  2.9.4   BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Nine  Mile  Pt.  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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500..  1000..  2000.,   5000.,   10000.  YEARS  RETURN  PERIOD 
BEST  ESTIMATE  SPECTRA  COMBINED  OVER  ALL  EXPERTS 
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BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Nine  Mile  Pt, 
site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 
1000.  YEARS  RETURN  PERIOD 
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NINE  MILE  POINT 


Figure  2.9.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Nine  Mile  Pt.  site.  Plot  symbols  are 
given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.9.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Nine 
Mile  Pt.  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 
PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.9.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Nine 
Mile  Pt.  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

10000.-YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.9.9   10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Nine 
Mile  Pt.  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

50-TH  PERCENTILE  SPECTRA  FOR  ALL  RETURN  PERIODS 
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Figure  2.9.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Nine  Mile  Pt. 
site. 
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2.10  OYSTER  CREEK 

Oyster  Creek  is  a  deep  soil  site  represented  by  the  symbol  "A"  in  Fig.  1.1. 
Table  2.10.1  and  Figs.  2.10.1  to  2.10.10  give  the  basic  results  for  the  Oyster 
Creek  site.  The  AMHC  is  about  the  same  as  the  85th  percentile  CPHC. 

We  see  from  Fig.  2.10.4  that  if  earthquakes  in  the  magnitude  range  3.75  to  5.0 
are  included  the  PGA  hazard  would  be  increased  by  about  a  factor  of  2  at 
0.05g,  a  factor  of  1.3  at  0.2g,  and  a  factor  of  about  1.0  by  about  0.5g. 

Oyster  Creek  is  near  the  Hope  Creek  site  as  can  be  seen  from  Fig.  1.1.  Thus 
the  discussion  given  in  Section  2.4  relative  to  the  spread  between  the  G- 
Experts*  BEHCs  per  S-Expert  holds. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.10.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Oyster  Creek  site. 
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Figure  2.10.2       BEHCs  per  S-Expert  combined  over  all   G-Experts  for  the  Oyster 
Creek  site.     Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15. .  50.  AND  85. 
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Figure  2.10.3   CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Oyster  Creek  site. 
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Figure  2.10.4 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Oyster  Creek  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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Figure  2.10.5   BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 

years  aggregated  over  all  S  and  G-Experts  for  the  Oyster  Creek 
site. 
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Figure  2.10.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Oyster  Creek  site.  Plot  symbols  are 
given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.10.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Oyster 
Creek  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND   85. 
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Figure  2.10.8 


1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the  Oyster 
Creek  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND   85. 
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Figure  2.10.9 


10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the  Oyster 
Creek  site. 
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Figure  2.10.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Oyster  Creek 
site. 
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2.11  PEACH  BOTTOM 

The  Peach  Bottom  site  is  a  rock  site  represented  by  the  symbol  "B"  in  Fig. 
1.1.  Table  2.11.1  and  Figs.  2.11.1  to  2.11.10  give  the  basic  results  for  the 
Peach  Bottom  site.  The  hazard  curves  for  the  Peach  Bottom  site  were  developed 
using  Region  1  GM  models.  As  noted  in  Section  2.0  the  Peach  Bottom  site  could 
be  considered  as  part  of  either  Region  2  or  3.  The  sensitivity  of  our  placing 
the  Peach  Bottom  site  in  region  is  discussed  in  Section  3. 

The  AMHC  is  about  the  same  as  the  85th  percentile  CPHC.  We  see  from  Fig. 
2.11.2  that  there  is  a  relatively  wide  diversity  of  opinion  among  the  S- 
Experts. 


We  see  from  Table  2.11.1  for  all  S-Experts  that  the  zone  which  contains  the 
site  also  contribute  most  to  the  BEHC.  Also,  we  see  from  Fig.  2.11.4  that 
earthquakes  in  the  3.75  to  5.0  magnitude  range  included  in  the  PGA  hazard 
curve  would  be  increased  by  a  factor  of  over  2.0  at  0.05g,  a  factor  of  about 
1.3  at  0.2g  and  dropping  to  a  factor  of  about  1.0  at  about  0.5g.  Also,  the 
spread  between  the  G-Experts'  BEHCs  per  S-Expert  is  typical  for  rock  sites  in 
Region  1  and  is  similar  to  that  shown  in  Fig.  2,1.11. 
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Figure  2.11.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Peach  Bottom  site. 
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Figure  2.11.2  BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Peach 
Bottom  site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.11.3  CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Peach  Bottom  site. 
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Figure  2.11.5  BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 

years  aggregated  over  all  S  and  G-Experts  for  the  Peach  Bottom 
site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 
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Figure  2  11.6  The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Peach  Bottom  si^e.  Plot  symbols  are 
given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.11.7  500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  6-Experts  for  the  Peach 
Bottom  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 
PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.11.8  1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentile  aggregated  over  all  S  and  G-Experts  for  the  Peach 
Bottom  site. 
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10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 
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Figure  2.11.9  10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

Bottom  site  ^^^''^^^^^^  ^"^^   ^^^  ^  ^"^  G-Experts  for  the  Peach 
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Figure  2.11.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Peach  Bottom 
site. 
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2.12  PILGRIM 

Pilgrim  was  placed  in  the  sand-2  category  (see  Table  1.4)  and  is  represented 
by  the  symbol  "C"  in  Fig.  1.1.  Table  2.12.1  and  Figs.  2.12.1  to  2.12.10  give 
the  basic  results  for  the  Pilgrim  site.  Interestingly,  the  BEHC  is  somewhat 
lower  than  the  50th  percentile  CPHC  at  higher  PGA  values.  The  AMHC  is  about 
the  same  as  the  85th  percentile  CPHC  at  low  PGA  values  and  higher  at  high 
PGA.  Figure  2.12.2  indicates  that  the  diversity  of  opinion  among  the  S- 
Experts  is  not  particularly  large,  however  from  Fig.  2.12.3  we  see  a 
relatively  large  spread  between  the  15th  and  85th  percentile  CPHCs.  There  is 
a  relatively  small  spread  between  the  G-Experts'  BEHC  per  S-Expert  thus  the  GM 
models  are  not  the  main  source  of  the  relatively  wide  spread  between  the  15th 
and  85th  percentile  CPHCs.  Examination  of  the  output  for  each  S-Expert 
indicates  that  the  relatively  large  spread  between  the  15th  and  85th 
percentile  curves  comes  from  individual  S-Experts  uncertainties  about  the 
seismicity  and  zonation  of  the  region  around  the  Pilgrim  site.  In  particular 
S-Experts  2,3,5,7  and  11  had  wide  uncertainty  bounds  (as  compared  to  the  other 
S-Experts)  at  the  Pilgrim  site. 

We  see  from  Table  2.12.1  that  for  most  S-Experts  the  region  around  the  site 
contributes  most  to  the  hazard.  Only  for  S-Experts  7  and  13  do  more  distant 
zones  become  the  most  significant  contributors  to  the  hazard.  As  expected  we 
see  from  Fig.  2.12.4  that  smaller  earthquakes  contribute  significantly  to  the 
hazard  at  the  Pilgrim  site.  If  earthquakes  in  the  3.75  to  5  magnitude  range 
were  included  the  PGA  hazard  would  be  increased  well  over  a  factor  of  2  at 
0.05g,  about  a  factor  of  2  at  0.3g  and  not  dropping  to  about  a  factor  of  1.0 
until  about  0.9g.  The  spread  between  the  G-Experts  BEHC  per  S-Expert  are 
similar  to  that  shown  in  Fig.  2.4.11. 
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E.U.S.  SEISMIC  HAZARD  CHARACTERIZATION 
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Figure  2.12.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Pilgrim  site. 
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Figure  2.12.2  BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Pilgrim 
site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15. .  50.  AND  85. 
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Figure  2.12.3  CPHCs  for  the  15th.  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Pilgrim  site. 
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Figure  2.12.4  BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Pilgrim  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.12.5  BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 

years  aggregated  over  all  S  and  G-Experts  for  the  Pilgrim  site. 
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Fiqure  2  12  6  The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Pilgrim  site.  Plot  symbols  are  given  in 


Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.12.7  500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Pilgrim 
Site. 
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1000.-YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR  : 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.12.8  1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentile  aggregated  over  all  S  and  G-Experts  for  the  Pilgrim 
site. 
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10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.12.9  10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Pilgrim 
site. 
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Figure  2.12.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Pilgrim  site. 
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2.13  SALEM 

The  Salem  site  is  a  deep  soil  site  and  is  represented  by  the  symbol  "D"  in 
Fig.  1.1.  Table  2.13.1  and  Figs.  2.13.1  to  2.13.10  give  the  basic  results  for 
the  Salem  site.  We  see  from  Fig.  1.1  that  Salem  is  located  next  to  the  Hope 
Creek  site.  The  results  are  essentially  the  same  as  for  the  Hope  Creek  site, 
hence  the  discussion  of  Section  2.4  will  not  be  repeated.  The  difference 
between  the  results  in  Section  2.4  and  this  section  are  due  to  the  differences 
in  the  random  sampling  of  the  distributions  in  the  Monte  Carlo  analysis  and 
the  fact  that  the  uncertainty  in  the  zonation  seismicity  parameter  and  ground 
motion  models  is  large. 
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Figure  2.13.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Salem  site. 
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Figure  2.13.2  BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Salem 
site.  Plot  symbols  given  in  Table  2.0. 
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Figure  2.13.3  CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  6-Experts'  input  for  the  Salem  site. 
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Figure  2.13.4  BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Salem  site. 
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Figure  2.13.5  BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Salem  site. 
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Figure  2.13.6  The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Salem  site.  Plot  symbols  are  given  in 
Table  2.0. 
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Figure  2.13.7  500  year  return  period  CPUHS  for  the  15th,  50th  and  85th  •. 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Salem 
site. 
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Figure  2.13.8  1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentile  aggregated  over  all  S  and  G-Experts  for  the  Salem 
site. 
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Figure  2.13.9  10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Salem 
site. 
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2.14  SEABROOK 

The  Seabrook  site  is  a  rock  site  and  is  represented  by  the  symbol  "E"  in  Fig. 
1.1.  Table  2.14.1  and  Figs.  2.14.1  to  2.14.10  give  the  basic  results  for  the 
Seabrook  site.  The  AMHC  is  about  the  same  as  the  85th  percentile  CPHC. 

We  see  from  Table  2.14  that  for  most  S-Experts  the  zone  that  contains  the  site 
contributes  most  to  the  hazard.  Thus,  as  expected,  the  spread  between  the  G- 
Experts'  BEHCs  per  S-Expert  is  typical  for  rock  sites  and  is  similar  to  that 
shown  in  Fig.  2.1.11.  Also,  we  see  from  Fig.  2.14.4  that  if  earthquakes  in 
the  3.75  to  5.0  magnitude  range  were  included,  the  PGA  hazard  curve  would  be 
increased  by  about  a  factor  of  2.  at  0.05g  about  a  factor  of  1.3  at  0.15g  and 
dropping  to  about  a  factor  of  1  at  about  0.5g. 
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Figure  2.14.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Seabrook  site. 
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Figure  2.14.2  BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Seabrook 
site.  Plot  symbols  given  in  Table  2.0. 
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Figure  2.14.3  CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Seabrook  site. 
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Figure  2.14.5  BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Seabrook 
site. 
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500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15.,  50.  AND  85. 
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Figure  2.14.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Seabrook  site. 
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Figure  2.14.8  1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentile  aggregated  over  all  S  and  G-Experts  for  the  Seabrook 
site. 
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Figure  2.14.9  10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Seabrook  site. 
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Figure  2.14.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Seabrook  site. 
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2.15  SHOREHAM 

The  Shoreham  site  is  a  deep  soil  site  and  is  represented  by  the  symbol  "F"  in 
Fig.  1.1.  Table  2.15.1  and  Figs.  2.15.1  to  2.15.10  give  the  basic  results  for 
the  Shoreham  site.  Interestingly,  the  BEHC  is  slightly  below  the  50th 
percentile  CPHC  at  higher  PGA  values. 

We  see  from  Table  2.15.1  that,  for  all  but  one  S-Expert,  the  zone  which 
contains  the  site  is  also  the  zone  which  contributes  most  to  the  BEHC.  S- 
Expert  4  is  the  only  exception.  Thus,  as  typical,  we  see  from  Fig.  2.15.4 
that  if  earthquakes  in  the  magnitude  range  3.75  to  5.0  were  included  the  PGA 
hazard  would  be  over  a  factor  of  2  at  0.05g  higher,  a  factor  of  about  1.3  at 
0.3g  and  dropping  to  a  about  a  factor  of  1.0  at  about  0.6g.  The  spread 
between  the  G-Experts'  BEHCs  per  S-Expert  is  typical  for  a  deep  soil  site  and 
similar  to  the  spread  shown  in  Fig.  2.4.11. 
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Figure  2.15.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Shoreham  site. 
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Figure  2.15.2  BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Shoreham 
site.  Plot  symbols  given  in  Table  2.0. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15.,  50.  AND  85. 


a 


-1 

10 


-2 
10 


HAZARD  CURVES  USING  ALL  EXPERTS 


0£ 

< 


Q.    10 


< 

o 

•^     —A 

O    10 
X 


>- 

t    -5 

-J   10 

m 

< 

CO 

o 
Qt: 
o. 

-6 
10 


-7 
10 


•o      •*      m      <D 
ACCELERATION  CM/SEC»»2 


SHOREHAM 


Figure  2.15.3  CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Shoreham  site. 
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Figure  2.15.4  BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Shoreham  site. 
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Figure  2.15.5 


BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Shoreham 
site. 
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6     The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Shoreham  site.     Plot  symbols  are  given  in 


[pert 
Table  2.0. 
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Figure  2.15.7  500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
ShorlharJ  site'''''''''  ''''  '''  '  '''  '-'''''''  '''  ''' 
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Figure  2.15.8  1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentile  aggregated  over  all  S  and  G-Experts  for  the  Shoreham 
site. 
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Figure  2.15.9  10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Shoreham  site. 
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Figure  2.15.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Shoreham  site. 
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2.16  SUSQUEHANNA 

The  Susquehanna  site  is  a  rock  site  and  represented  by  the  symbol  "G"  in  Fig. 
1.1.  As  noted  in  Section  2.0  the  Susquehanna  site  was  located  in  Region  1, 
but  could  have  also  been  put  into  Region  2  or  3.  The  sensitivity  to  this 
placement  is  discussed  in  Section  3.  Table  2.16.1  and  Figs.  2.16.1  to  2.16.10 
give  the  basic  results  for  the  Susquehanna  site.  The  AMHC  is  about  the  same  as 
the  85th  percentile  CPHC.  We  see  from  Fig.  2.16.2  that  there  is  a  relatively 
wide  diversity  of  opinion  between  the  S-Experts. 


We  see  from  Table  2.16.1  that  for  most  S-Experts  the  zone  which  contains  the 
site  also  is  the  zone  which  contributes  most  to  the  BEHC.  For  these  S- 
Experts,  the  spread  between  the  G-Experts'  BEHCs  are  similar  to  that  shown  in 
Fig.  2.1.11.  However,  for  S-Experts  2,5  and  6  the  zonation  and  seismicity 
parameters  are  such  that,  when  combined  with  G-Expert  5  GM  model,  larger  more 
distant  earthquakes  contribute  significantly  to  the  BEHCs,  when  combined  with 
G-Expert  5  GM  model,  and  the  spread  between  G-Expert  5's  BEHCs  and  the  other 
G-Experts'  BEHCs  for  S-Experts  2, 5, and  6  becomes  much  larger  as  illustrated  in 
Fig.  2.16.11. 
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Figure  2.16.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Susquehanna  site. 
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Figure  2.16.2  BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the 
Susquehanna  site.  Plot  symbols  given  in  Table  2.0. 
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Figure  2.16.3  CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Susquehanna  site. 
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Figure  2.16.4  BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Susquehanna  site. 
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Figure  2.16.5  BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Susquehanna 
site. 
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Figure  2.16.6  The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Susquehanna  site.  Plot  symbols  are  given 
in  Table  2.0. 
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Figure  2.16.7 


500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Susquehanna  site. 
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Figure  2.16.8  1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentile  aggregated  over  all  S  and  G-Experts  for  the 
Susquehanna  site. 
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Figure  2.16.9  10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 
percentiles  aggregated  over  all  S  and  G-Experts  for  the 
Susquehanna  site. 
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Figure  2.16.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Susquehanna  site, 
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Figure  2.16.11. 


Comparison  of  the  BEHCs  for  PGA  per  G-Expert  for  S-Expert  6's 
input  for  the  Susquehanna  site.  The  spread  between  G-Expert 
5s  BEHC  and  the  other  G-Experts'  BEHC  is  somewhat  larger 
than  typical  for  rock  sites  in  region  1.  The  spread  between 
the  Experts'  BEHCs  shown  is  typical  for  S-Experts  2,  5,  and  6 
at  the  Susquehanna  site. 
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2.17  THREE  MILE  ISLAND 

The  Three  Mile  Island  site  is  a  rock  site  and  represented  by  the  symbol  "H" 
Fia  1  1   As  discussed  in  Section  2.0,  the  Three  Mile  Island  site  could  be 
considered  in  either  region  1,2  or  3.  The  results  given  in  this  section  are 
based  on  using  the  region  1  GM  models.  In  Section  3  we  discuss  the  impact 
that  this  assumption  has  on  the  results. 


in 


Table  2.17.1  and  Figs. 
Mile  Island  site.  The 


2.17.1  to  2.17.10  give  the  basic  results  for  the  Three 
AMHCis  about  as  the  85th  percentile  CPHC. 


from  Table  2.17.1  that  the  zone  which  contains  the  site  is  also  the 


We  see  . .  -■.  . _-  - 

zone  which  contributes  the  most  to  BEHC  for  all 
where  a  nearby  zone  is  most  significant.  Thus, 
Experts'  BEHCs  per  S-Expert  is  typical  for  rock 
spread  shown  in  Fig.  2.1.11. 


S-Experts  except  S-Expert  12 
the  spread  between  the  G- 
sites  and  is  similar  to  the 
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Figure  2.17.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Three  Mile  Island  site. 
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Figure  2.17.2     BEHCs  per  S-Expert  combined  over  all   G-Experts  for  the  Three 


Mile  Island  site.     Plot  symbols  given  in  Table  2.0. 


-212- 


E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  =   15..  50.  AND  85. 


HAZARD  CURVES  USING  ALL  EXPERTS 


(M        K)        •*        If)        <0 

ACCELERATION  CM/SZC**2 


THREE   Ml .     ISLAND 


Figure  2.17.3     CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'    input  for  the  Three  Mile  Island  site. 
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Figure  2.17.4  BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Three  Mile  Island  site. 
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Figure  2.17.5  BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Three  Mile 
Island  site. 
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Figure  2.17.6 


The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  o 
all  G-Experts  for  the  Three  Mile  Island  site.  Plot  symbols 


given  in  Table  2.0. 
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Figure  2.17.7     500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Three 
Mile  Island  site. 
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Figure  2.17.8     1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentile  aggregated  over  all  S  and  G-Experts  for  the  Three 
Mile  Island  site. 
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Figure  2.17.9     10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Three 
Mile  Island  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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Figure  2.17.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000,  2000,  5000  and  10000  years  for  the  Three  Mile  Island 
site. 
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2.18  VERMONT  YANKEE 

The  Vermont  Yankee  site  is  a  rock  site  and  represented  by  the  symbol  "I"  in 
Fig.  1.1.  Table  2.18.1  and  Figs.  2.18.1  to  2.18.10  give  the  basic  results  for 
the  Vermont  Yankee  site.  The  AMHC  is  higher  than  the  85th  percentile  CPHC, 
particularly  at  high  g  values  indicating  the  existence  of  some  high  outliers. 

We  see  from  Table  2.18.1  that  for  S-Experts  1,2,3,5,6  and  12  the  zone  which 
contains  the  site  is  also  the  zone  which  contributes  most  to  the  BEHC.  For 
these  S-Experts  the  spread  between  the  G-Experts'  BEHC  is  typical  for  rock 
sites  in  Region  1  and  similar  to  that  shown  in  fig.  2.1.11.  For  S-Experts 
4,7,10,11  and  13  more  distant  zones  make  the  most  significant  contribution  to 
the  BEHC.  For  these  S-Experts  the  spread  between  G-Expert  5's  BEHC  and  the 
other  G-Experts  BEHCs,  per  S-Expert,  is  larger  as  shown  in  Fig.  2.18.11.  For 
S-Expert  4  the  spread  between  G-Expert  5's  BEHC  and  the  other  G-Experts  BEHC 
is  even  larger,  similar  to  the  spread  shown  in  Fig.  2.1.12.  Given  the 
importance  of  distant  zones  for  a  number  of  S-Experts  it  is  not  unexpected 
that,  as  can  be  seen  from  Fig.  2.18.4,  the  BEHC  would  not  significantly  change 
if  earthquakes  in  the  range  3.75  to  5  were  included. 
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Figure  2.18.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Vermont  Yankee  site. 
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Figure  2.18.2  BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Vermont 
Yankee  site.  Plot  symbols  given  in  Table  2.0. 


-224- 


E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

PERCENTILES  -      15.,  50.  AND  85. 
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Figure  2.18.3  CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Vermont  Yankee  site. 
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Figure  2.18.4  BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Vermont  Yankee  site. 
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Figure  2.18.5  BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Vermont 
Yankee  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 
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Figure  2.18.6  The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
all  G-Experts  for  the  Vermont  Yankee  site.  Plot  symbols  are 
given  in  Table  2.0. 


-228- 


E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 

500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.18.7  500  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Vermont 
Yankee  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
LOWER  MAGNITUDE  OF  INTEGRATION  IS  5.0 
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Figure  2.18.8  1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentile  aggregated  over  all  S  and  G-Experts  for  the  Vermont 
Yankee  site. 
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E.U.S  SEISMIC  HAZARD  CHARACTERIZATION 
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10000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 
PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.18.9     10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all   S  and  G-Experts  for  the  Vermont 
Yankee  site. 
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Figure  2.18.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500  1000.  2000.  5000  and  10000  years  for  the  Vermont  Jankee 
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LOWER  MAGNITUDE  OF  INTEGRATION  =  5. 
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Figure  2.18.11. 


Comparison  of  BEHCs  for  PGA  per  G-Expert  for  S-Expert  7's 
input  for  the  Vermont  Yankee  site.  The  spread  between 
G-Expert  5's  BEHC  and  the  other  G-Experts'  BEHCs  is  somewhat 
larger  than  typical  for  rock  sites  in  region  1.  The  spread 
shown  is  typical  for  S-Experts  7,  10,  11,  and  13 's  input  for 
the  Vermont  Yankee  site. 
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2.19  YANKEE  ROWE 

The  Yankee  Rowe  site's  soil  category  is  Til  1-2  and  is  represented  by  the 
symbol  "J"  in  Fig.  1.1.  Table  2.19.1  and  Figs.  2.19.1  to  2.19.10  give  the 
basic  results  for  the  Yankee  Rowe  site.  The  BEHC  is  about  the  same  as  the 
50th  percentile  CPHC  and  the  AMHC  is  about  the  same  as  the  85th  percentile 
CPHC. 


For  all  S-Experts,  but  S-Experts  4  and  11,  the  zone  which  contains  the  site  is 
also  the  zone  which  contributes  most  to  the  BEHC.  However,  only  for  S-Experts 
3,5  and  12  is  the  spread  between  the  G-Experts'  BEHCs,  per  S-Expert,  similar 
to  that  at  other  soil  sites.  For  S-Experts  1,2,6,7  and  13  the  spread  between 
G-Expert  5's  BEHCs  and  the  other  G-Experts'  BEHCs  is  somewhat  larger,  as  shown 
in  Fig.  2.19.11,  indicating  that  larger  earthquakes  are  somewhat  more 
important  than  at  other  soil  sites.  Fig.  2.19.4  shows  that  small  earthquakes 
would  contribute  significantly  to  the  BEHC  if  they  were  to  be  included  as 
expected  by  the  fact  that  the  zone  which  contains  the  site  is  also  the  zone 
which  contributes  most  to  the  hazard. 


■  ta- 
lis 

a? 


The  spread  between  G-Expert  5's  BEHC  as  compared  to  the  other  G-Experts  for  S- 
Expert  4's  input  is  even  larger  than  illustrated  in  Fig.  2.19.11.  However,  it 
is  not  as  large  as  shown  in  Fig.  2.1.12. 
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HAZARD  CURVES  USING  ALL  EXPERTS 
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Figure  2.19.1  Comparison  of  the  BEHC  and  AMHC  aggregated  over  all  S  and  G- 
Experts  for  the  Yankee  Rowe  site. 
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Figure  2.19.2  BEHCs  per  S-Expert  combined  over  all  G-Experts  for  the  Yankee 
at  Rowe  site.  Plot  symbols  given  in  Table  2.0. 
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PERCENTILES  =   15.,  50.  AND  85. 
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Figure  2.19.3  CPHCs  for  the  15th,  50th  and  85th  percentiles  based  on  all  S 
and  G-Experts'  input  for  the  Yankee  at  Rowe  site. 
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Figure  2.19.4  BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  magnitude  range  for  the 
Yankee  at  Rowe  site. 
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Figure  2.19.5  BEUHS  for  return  periods  of  500,  1000,  2000,  5000  and  10000 
years  aggregated  over  all  S  and  G-Experts  for  the  Yankee  at 
Rowe  site. 
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BEST  ESTIMATE  SPECTRA  BY  SEISMIC  EXPERT  FOR 
1000.  YEARS  RETURN  PERIOD 


UJ 
CO 


u 
O 


10 


10 


^   10 


10 


,5' 


I  o 


i^^^^f"^ 


idwOi 


^m 


CN  t^      ■<    U^  t£>t^-tOT> 


I   O 


PERIOD   (SEC)      2 

YANKEE   ROWE 


^iaure  2  19  6  The  1000  year  return  period  BEUHS  per  S-Expert  aggregated  over 
igure.:.iy.b  ^^^  ^.^^p^^^^^  ^^^  ^he  Yankee  at  Rowe  site.  Plot  symbols  are 

given  in  Table  2.0. 
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500. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 

PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.19.7  500  year  return  period  CPUHS  for  the  15th.  50th  and  85th 

percentiles  aggregated  over  all  S  and  6-Experts  for  the  Yankee 
at  Rowe  site. 
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1000. -YEAR  RETURN  PERIOD  CONSTANT  PERCENTILE  SPECTRA  FOR 
PERCENTILES  =   15..  50.  AND  85. 
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Figure  2.19.8  1000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentile  aggregated  over  all  S  and  G-Experts  for  the  Yankee 
at  Rowe  site. 
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Figure  2.19.9  10000  year  return  period  CPUHS  for  the  15th,  50th  and  85th 

percentiles  aggregated  over  all  S  and  G-Experts  for  the  Yankee 
at  Rowe  site. 
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RETURN  PERIODS  : 

CURVE  5  =  10000.  YEARS 

CURVE  4  =  5000.  YEARS 

CURVE  3  =  2000.  YEARS 

CURVE  2  =   1000.  YEARS 
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Fiqure  2.19.10  Comparison  of  the  50th  percentile  CPUHS  for  return  periods  of 
500,  1000.  2000,  5000  and  10000  years  for  the  Yankee  at  Rowe 
site. 
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Figure  2.19.11. 


Comparison  of  BEHCs  for  PGA  per  G-Expert  for  S-Expert  I's 
input  for  the  Yankee  Rowe  site.  The  spread  in  BEHCs  between 
G-Expert  5's  and  the  other  G-Experts'  BEHCs  is  typical  for 
S-Experts  1,  2,  6,  7,  and  13  for  the  Yankee  Rowe  site. 
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3   GENERAL  DISCUSSION.  REGIONAL  OBSERVATIONS. 
AND  COMPARISONS  BETWEEN  SITES 


3.1  Uncertainty 

Section  2  shows  that  there  are  significant  differences  in  the  estimated 
seismic  hazard  for  any  site  between  various  experts.  In  addition,  each  expert 
has  typically  expressed  significant  uncertainty  about  his  own  input.  This 
uncertainty  in  turn  leads  to  significant  uncertainty  in  the  aggregated 
estimate  of  the  seismic  hazard  at  any  site.  As  explained  in  Volume  1,  we 
have  used  a  Monte  Carlo  analysis  to  develop  the  distribution  function  for  the 
seismic  hazard  at  any  site.  In  addition  to  the  uncertainty  in  the  probability 
distribution  due  to  the  variety  of  experts  there  is  some  small  variability  in 
the  results  due  to  the  limitations  on  the  number  of  simulations  in  our  Monte 
Carlo  uncertainty  analysis  to  reasonably  define  the  various  estimators  of  the 
seismic  hazard  at  a  site.  For  example,  in  Fig.  3.1.1a  we  compare  the  CPHCs 
for  PGA  between  Hope  Creek  and  Salem  sites  and  in  Fig.  3.1.1b  the  1000  year 
return  period  CPUHS  for  the  same  two  sites.  Hope  Creek  and  Salem  are  located 
side  by  side,  as  can  be  seen  from  Fig.  1.1.  Thus  the  comparison  represent  two 
different  sets  of  simulations  for  the  same  site.  We  see  from  Figs.  3. 1.1a, b 
that  the  median  curve  is  well  established  and  that  there  are  only  slight 
differences  between  the  bounds  (as  measured  by  the  15th  and  85th  percentile 
curves).  There  are  also  only  slight  differences  between  the  AMHCs  for  the  two 
different  Monte  Carlo  runs. 


A  detailed  examination  of  the  2750  hazard  curves  generated  in  a  Monte  Carlo 
run  for  a  typical  site  suggests  that  the  distribution  is  approximately  log- 
normal   However  there  are  some  sites  where  there  is  a  marked  departure  from  a 
lognormal  distribution  such  as  for  the  Fitzpatrick  site.  In  Fig.  3.1.2a  we 
compare  the  CPHCs  for  PGA  for  two  different  Monte  Carlo  runs  and  in  Fig. 
3  1  2b  we  compare  the  1000  yr  return  period  CPUHS  for  two  different  Monte 
Carlo  runs  both  for  the  Fitzpatrick  site.  We  see  from  Figs.  3.1.2a,b  that 
there  is  a  larger  difference  between  the  median  curves  for  the  two  Monte  urio 
runs  than  shown  in  Figs.  3.1.1a,b.  In  fact.  Figs.  3.1.2a,b  suggest  that  the 
15th  and  85th  percentile  curves  are  better  defined  than  the  median,  if 
reference  is  made  to  Figs.  2.1.11  and  2.1.12  it  is  easy  to  see  what  is 
occurring.  That  is,  as  discussed  in  Section  2.1,  G-Expert  5's  6M  model  leads 
to  hazard  curves  significantly  higher  than  for  most  other  GM  modes.  Thus,  the 
distribution  of  hazard  curves  departs  significantly  from  a  lognormal 
distribution  and  becomes  somewhat  bimodal  so  that  the  15th  and  85th  percentile 
curves  are  relatively  well  defined  but  the  50th  percentile  curve  is  somewhat 
"poorly"  defined.  However,  even  in  this  worst  case,  the  differences  between 
two  Monte  Carlo  runs  are  not  really  large.  Nevertheless,  these  differences 
between  two  Monte  Carlo  runs  must  be  kept  in  mind  when  making  comparisons 
between  nearby  sites. 
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3.2  Sensitivity  to  Region  Choice 

In  Volume  I  we  indicated  that  we  approximately  divided  the  EUS  into  four 
regions  in  order  to  give  our  G-Experts  a  chance  to  introduce  regional 
corrections  for  attenuation  and  to  give  our  S-Experts  a  chance  to  account  for 
varying  expertise  for  different  regions.  The  boundaries  between  these  regions 
are  very  approximate,  thus  as  indicated  in  Section  2,  all  Batch  1  sites  were 
considered  to  be  located  in  region  1.  However,  several  sites  could  be  also 
considered  to  be  in  either  region  2  or  3.  The  major  impact  of  region 
placement  is  due  to  6-Expert  2's  input.  As  can  be  seen  from  Tables  3.5  and  6 
of  Volume  1,  only  G-Expert  2  introduced  a  regional  variation  in  his  GM 
models.  In  region  1  he  selected  a  different  BE  model  than  for  regions  2,3  and 
4.  Thus  the  BEHC  and  BEUHS  change  depending  upon  whether  the  site  is 
considered  to  be  Region  1  or  the  other  regions.  In  addition,  it  depends  on 
whether  it  is  a  rock  or  a  soil  site  with  the  effect  being  larger  for  a  soil 
site  than  for  a  rock  site.  In  Fig.  3.2.1  we  show  a  comparison  between  the  PGA 
hazard  curves  for  the  case  when  the  Hope  Creek  site  is  considered  to  be 
located  in  region  1  and  the  case  when  it  is  considered  to  be  located  in  region 
2.  We  see  from  Fig.  3.2.1  that  there  is  a  noticeable  difference  between  the 
BEHCs  and  the  AMHCs  for  the  two  cases.  There  is  however,  some  difference 
between  the  CPUHS  as  shown  in  Figs.  3.2.2  where  10,000  year  return  period 
CPUHS  are  plotted  for  the  two  cases. 

The  sensitivity  to  location  placement  is  even  less  for  rock  sites  as  shown  in 
Figs.  3.2.3  and  3.2.4.  In  Fig.  3.2.3  we  show  the  BEHCs  and  AMHCs  for  the  case 
when  the  Limerick  site  is  considered  to  be  located  in  region  1  and  the  case 
when  it  is  considered  to  be  located  in  region  2.  It  can  be  seen  from  Fig. 
3.2.3  that  the  difference  between  the  two  cases  is  less  than  shown  in  Fig. 
3.2.1.  The  difference  between  the  CPHCs  and  the  CPUHS  for  the  two  cases  for 
Limerick  site  is  small. 

Overall  we  see  that,  for  the  sites  located  near  the  border  between  what  we 
have  defined  as  region  1  and  the  other  regions,  makes  very  little  differences 
on  the  CPHCs  and  CPUHS  whether  we  say  they  are  located  in  region  1  or  the 
other  regions.  It  makes  some  differences  on  the  BEHCs  and  AMHCs,  particularly 
for  soil  sites.  But  given  the  overall  uncertainty,  as  measured  by  the  spread 
between  the  15th  and  85th  percentile  CPHCs  the  sensitivity  is  small  but  still 
larger  than  the  variation  due  to  the  limitations  in  the  number  of  Monte  Carlo 
simulations. 


3.3  Factors  Influencing  Zonal  Contribution  to  the  Hazard 

A  number  of  factors  influence  how  significantly  a  given  seismic  source  zone 
contributes  to  the  hazard  at  any  given  site  for  any  given  S-Expert.  Several 
factors  are  obvious  and  a  few  may  not  be  so  obvious.  The  main  factors  that 
influence  zonal  contribution  to  the  hazard  can  be  separated  into  three  groups; 
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1.  Attributes  of  the  zone  in  question: 

0  Distance  from  the  zone  to  the  site. 

0  The  rate  of  activity  in  the  zone. 

0  The  b-value  used  for  the  zone. 

0  The  upper  magnitude  cut  off  for  the  zone. 

0  The  probability  of  existence  of  the  zone. 

0  The  size  of  the  zone. 

2.  Attributes  of  the  ground  motion  model: 

0   The  rate  at  which  the  peak  ground  motion  attenuates  with  distance. 
0   The  site's  soil  category. 

3.  Attributes  of  the  hazard  analysis  methodology: 

0   Uncertainty  analysis  performed. 

0   Lower  bound  of  integration  for  magnitude. 


Let  us  start  our  discussion  on  the  significance  of  the  above  factors  in  the 
inverse  order,  i.e.  start  with  set  listed  under  (3)  above.  We  made  the  point 
in  Section  2  that  the  Tables  2.SN.1  were  based  only  on  BE  input  and  thus  did 
not  in  all  cases  capture  the  true  contribution  of  a  given  zone  to  the  hazard 
for  a  specific  site.  The  contribution  of  a  given  zone  listed  in  Tables  2.SN.1 
might  be  too  high  if  a  zone's  probability  of  existence  is  relatively  low  but 
greater  than  or  equal  to  0.5.  On  the  other  hand  it  is  too  low  (not  listed)  if 
the  probability  of  existence  is  less  than  0.5. 


In  our  analysis  the 
for  by  allowing  for 
The  type  of  correct 
(or  models)  impact 
category  is  made, 
uncertainty  analysi 
in  rate  of  activity 
role  in  determining 


modeling  uncertainty  in  the  site  correction  is  accounted 

several  different  type  of  corrections  to  be  performed, 
ion  performed  also  can  impact  how  the  ground  motion  model 
the  seismic  hazard  and  how  correction  for  the  site's  soil 
This  will  be  discussed  later.  Other  elements  of  the 
s  such  as  the  variation  in  zone  boundary  shape,  variation 

etc.  are  less  important  and  generally  do  not  play  a  major 

the  zonal  contribution  to  the  hazard. 


The  lower  bound  for  magnitud 
the  low  g-value  end.  This  i 
3.3.1a  we  show  the  contribut 
in  four  distance  rings  about 
integration  for  magnitude  is 
thing  except  the  lower  bound 
by  comparing  Fig.  3.3.1a  to 
lowered  to  3.75,  the  region 
more  to  the  hazard  at  lower 
from  the  region  15  <  Distan 
of  changing  the  lower  bound 
yet  even  higher  than  5,  the 
higher  PGA  levels. 


e  used  in  the  analysis  is  of  some  significance  at 
s  illustrated  in  Figs.  3.3.1a  and  b.  In  Fig. 
ion  to  the  BEHC  for  PGA  from  all  the  earthquakes 
the  Maine  Yankee  site  when  the  lower  bound  of 
5.0.  Similarly  in  Fig.  3.3.1b  we  show  the  same 
of  integration  has  been  reduced  to  3.75.  We  see 
b  that,  when  the  lower  bound  of  integration  is 
from  0  ^  Distance  ^  15  contributes  significantly 
PGA  levels  and  there  is  also  a  marked  increase 
ce  <  50.  At  high  PGA  levels  there  is  little  effect 
of  integration.  Of  course,  if  the  lower  bound  was 
effect  would  be  more  significant  even  to  much 
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Let  us  now  address  group  (2)  -  attributes  of  the  GM  model.  First,  let  us  note 
if  there  was  no  modeling  uncertainty,  i.e.,  if  we  knew  the  correct  form  for 
the  GM  model  then  the  attributes  of  the  GM  model  would  not  influence  the  zonal 
contribution.  If  no  uncertainty  analysis  is  being  performed  e.g.  Algermissen 
et.  al.  (1982)  then  it  is  the  same  as  saying  we  know  the  correct  form  for  the 
GM  model.  In  our  analysis  we  have  included  uncertainty  about  GM  modeling  in 
three  ways: 

(1)  We  used  multiple  GM  models. 

(2)  We  introduced  multiple  ways  to  correct  for  the  effect  that  the  site's 
category  has  on  the  estimated  ground  motion. 

(3)  We  varied  the  random  uncertainty  associated  with  each  GM  model. 

All  three  of  the  above  are  important. 

In  section  2.1  we  have  already  made  the  point  that  one  of  the  BE  GM  models  has 
a  significantly  lower  attenuation  rate  than  the  other  BE  GM  models.  This  can 
make  a  significant  difference  as  is  illustrated  in  Figs.  3.3.2a  and  b.  In 
Fig.  3.3.2a  we  show  the  contribution  to  the  BEHC  for  PGA  from  the  earthquakes 
located  in  four  distance  ranges  when  all  the  BE  GM  models  are  used  for  the 
Fitzpatrick  site.  In  Fig.  3.3.2b  we  show  the  same  thing  as  in  Fig.  3.3.2a 
except  only  G-Experts  1-4 's  BE  GM  models  are  used.  That  is,  we  have 
eliminated  the  GM  model  with  low  attenuation.  It  is  evident  from  comparing 
Figs.  3.3.2a  and  b  that  the  uncertainty  about  the  correct  GM  model  is  very 
significant  and  can  have  an  important  impact  on  determining  which  zones 
contribute  to  the  hazard  at  a  site. 

The  site's  soil  category  has  an  influence  because  our  uncertainty  about  how  to 
correct  the  GM  for  the  soil  conditions  at  a  site  impacts  the  estimate  of  the 
ground  motion  at  a  site  from  an  earthquake  differently  for  various  ground 
motion  models.  This  is  illustrated  in  Figs.  3.3.3a  and  b.  In  F1g.  3.3.3a  we 
show  the  contribution  to  the  BEHC  for  PGA  for  four  distance  ranges  for  the 
Vermont  Yankee  site.  The  Vermont  Yankee  site  is  a  rock  site.  In  Fig.  3.3.3.b 
we  show  the  contribution  to  the  BEHC  for  PGA  for  the  same  four  distance  ranges 
for  the  Yankee  Rowe  site.  The  Yankee  Rowe  site  was  placed  in  the  Til  1-2  soil 
category.  We  see  from  Fig.  1.1  that  Yankee  Rowe  (plot  symbol  J)  and  Vermont 
Yankee  (plot  symbol  I)  are  located  relatively  near  each  other,  thus  we  would 
expect  little  difference  in  the  seismic  hazard  between  these  two  sites.  We 
see  however  from  comparing  Figs.  3.3.3a  and  b  that  there  is  a  considerable 
difference  between  the  two  sites  in  the  distance  ranges  which  contribute  most 
to  theBEHCs  for  PGA.  Thus  if  Table  2.18.1  is  compared  to  Table  2.19.1  we  see 
some  significant  differences.  Most  of  these  differences  arise  from  the 
differences  in  the  estimates  of  the  PGA  for  a  given  earthquake  at  the  two 
sites  due  to  the  correction  for  site  soil  conditions. 


It  should  be  noted  that  the  differences  between  the  distribution  of  which 
distance  bands  contribute  most  to  the  BEHCs  for  PGA  for  rock  sites  as  compared 
to  soil  sites  is  typically  the  difference  between  Figs.  3.3.3a  and  b. 
However,  there  is  some  variation  between  the  various  rock  sites  and  the 
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various  soil  sites  depending  upon  their  location.  For  example,  by  comparing 
Figs.  3.3.4a  and  b  to  Figs  3.3.3a  and  b  we  see  that  there  is  a  difference  in 
the  distribution  of  the  distance  ranges  which  contribute  most  to  the  BEHCs  for 
PGA  for  sites  located  in  the  southern  part  of  region  1,  such  as  Limerick 
(rock)  and  Salem  (soil),  and  sites  located  in  the  northern  part  of  region  1 
such  as  Vermont  Yankee  and  Yankee  Rowe. 

The  group  (1)  -  attributes  of  the  zone  in  question-are  relatively  easy  to 
understand  and  are  generally  the  factors  which  we  expect  to  control  a  given 
zone's  contribution  to  the  seismic  hazard  at  a  site.  In  Section  2  we  gave 
examples  of  how  the  group  (1)  factors  influence  this  contribution. 

From  the  above  discussion  we  can  conclude  that  care  must  be  taken  when  using 
the  information  given  in  Table  2.1.1  to  2.19.1.  The  information  is  useful, 
but,  as  indicated,  it  can  give  a  distorted  picture  of  which  zones  are  most 
significant.  Unfortunately,  in  complex  cases  such  as  the  Fitzpatrick  site  the 
only  way  to  get  an  undistorted  understanding  is  to  perform  a  detailed 
sensitivity  analysis.  However,  one  can  gain  a  relatively  good  understanding 
of  what  is  important  by  carefully  examining  the  data  given  in  Tables  2.SN.1, 
the  zonation  maps  for  each  S-Expert,  the  seismicity  data  for  each  S-Expert 
given  in  Vol.  I  Appendix  B  and  keeping  in  mind  the  sensitivities  discussed  in 
this  section. 

3.4  Comparisons  of  the  Seismic  Hazard  Between  Sites 

In  this  project  the  seismic  hazard  has  been  defined  as  the  annual  probability 
of  exceedance  of  a  given  level  of  peak  ground  motion.  Thus,  strictly 
speaking,  we  only  need  to  compare  hazard  curves  between  sites  to  reach  a 
conclusion  about  the  relative  hazard  at  various  sites.  However,  given  the 
large  uncertainties  that  exist  in  our  estimate  of  the  peak  ground  motion  and 
our  inability  to  convert  a  given  level  of  peak  ground  motion  into  a  risk 
number,  suggests  that  we  need  to  also  introduce  some  subjective  judgement  into 
the  process  of  assessment  of  the  relative  hazard  between  sites.  In  this 
section  we  compare  the  computed  seismic  hazard  between  sites.  In  addition  we 
examine  some  important  elements  that  should  be  factored  into  an  assessment  of 
the  relative  difference  in  the  seismic  hazard  between  the  sites  located  in 
region  1. 


When  comparing  the  hazard  between 
to  be  considered  is  the  potential 
two  sites.  For  example,  in  Fig. 
Vermont  Yankee  site  to  the  median 
Fig.  1.1  that  these  two  sites  are 
expect  that  there  would  be  little 
these  two  sites.  However,  as  can 
considerable  difference  in  the  ha 
this  difference  is  the  fact  that 
is  a  soil  site  (Category  Till-2). 
effects  on  ground  motion  is  given 


two  sites,  one  of  the  most  important  factors 
difference  in  soil  categories  between  the 
3.4.1  we  compare  the  median  CPHC  for  the 
CPHC  for  the  Yankee  Rowe  site.  We  see  from 
nearby  each  other  hence  we  would  generally 
difference  between  the  seismic  hazard  for 
be  seen  from  Fig.  3.4.1,  there  is 
zard  between  these  two  sites.  The  reason  for 
Vermont  Yankee  is  a  rock  site  and  Yankee  Rowe 
A  complete  discussion  on  the  local  site 
in  Volume  VI,  however.  Fig.  3.4.1  shows  that 
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it  is  very  significant.  The  uncertainty  surrounding  the  correction  for  local 
site  effects  makes  it  difficult  to  unequivocally  conclude  that  the  seismic 
hazard  is  higher  at  the  Yankee  Rowe  site  than  at  the  Vermont  Yankee  site  as 
the  amplification  appearing  in  the  final  results  is  a  result  of  the  very 
complex  interaction  of  the  ground  motion  models,  the  actual  correction  factor 
and  the  magnitude  and  distance  of  the  earthquakes. 
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In  addition  to  soil  category,  one  must  consider  which  estimator  of  the  hazard 
should  be  used  because  in  some  cases  different  estimators  would  lead  to 
different  conclusions  about  the  relative  hazard  between  two  sites.  For 
example,  if  Fig.  2.18.1  is  compared  to  Fig.  2.19.1  we  see  that  both  the  AMHC 
and  BEHC  are  higher  at  the  Vermont  Yankee  site  than  at  the  Yankee  Rowe  site 
yet  the  median  CPHC  is  significantly  higher  at  the  Yankee  Rowe  site  than  at 
the  Vermont  Yankee  site.  If  Fig.  2.18.3  is  compared  to  Fig.  2.19.3  we  see 
that  there  is  little  difference  between  the  15th  CPHCs  and  little  difference 
between  the  85th  CPHCs  at  the  two  sites.  The  main  reason  the  BEHC  and  AMHC 
are  so  "high"  at  the  Vermont  Yankee  site  as  compared  to  Yankee  Rowe  can  be 
seen  by  comparing  Fig.  2.18.11  to  Fig.  2.19.11  which  gives  the  spread  between 
BEHCs  per  G-Expert  for  a  particular  S-Expert  (different  S-Experts  are  shown 
here  but  each  are  typical  for  these  two  sites).  We  see  for  Vermont  Yankee 
that  one  G-Expert  is  much  higher  than  the  others,  where  as  at  Yankee  Rowe  the 
BEHCs  for  all  G-Experts  are  about  the  same.  The  high  outliers  tend  to  raise 
both  the  BEHC  and  AMHC  at  the  Vermont  Yankee  site. 

Most  of  the  comparisons  made  in  the  rest  of  this  section  will  be  relative  to 
the  median  hazard  curve  because  it  proved  to  be  the  most  stable  parameter 
among  all  the  parameters  displayed  in  this  report  (i.e.,  BEHC,  median  and 
AMHC).  Generally,  the  spread  between  the  15th  and  85the  CPHCs  gives  an  idea 
of  uncertainty  at  a  given  site,  however,  as  we  have  seen  at  the  Vermont  Yankee 
site,  this  spread  may  not  fully  capture  the  uncertainty  in  which  case  there 
will  generally  be  a  larger  spread  between  the  50th  and  85th  CPHCs  than  the 
15th  and  50th  CPHCs. 


As  one  would  expect,  the  hazard  is  not  uniform  over  region  1  as  is  shown  in 
Fig.  3.4.2.  In  Fig.  3.4.2  we  compare  the  median  CPHCs  for  five  rock  sites 
spread  across  region  1.  It  can  be  seen  from  Fig.  3.4.2  that  there  is  a  wide 
variation  in  the  seismic  hazard  in  the  region. 

It  is  somewhat  instructive  to  compare  the  contribution  to  the  BEHCs  for 
various  magnitude  and  distance  ranges  between  the  five  sites  plotted  in  Fig. 
3.4.2.  The  contribution  to  BEHCs  from  earthquakes  in  4  magnitudes  ranges  are 
given  in  Figs.  2.1.4  for  the  Fitzpatrick  site.  Fig.  2.4.4  for  the  Limerick 
site.  Fig.  2.7.4  for  the  Maine  Yankee  site.  Fig.  2.8.4  for  the  Millstone  site 
and  Fig.  2.14.4  for  the  Seabrook  site.  Comparing  these  figures  we  see  some 
differences  between  the  sites.  For  example,  larger  magnitude  earthquakes 
contribute  more  significantly  to  the  hazard  at  the  Maine  Yankee  site  than  at 
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the  other  sites,  and  conversely,  large  magnitude  earthquakes  are  less 
significant  at  the  Limerick  site  than  at  the  other  sites. 

Figure  3.4.3  gives  the  contribution  to  the  BEHC  for  the  Seabrook  site  from 
four  distance  ranges.  Fig.  3.3.2c  for  the  Fitzpatrick  site.  Fig.  3.3.4a  for 
the  Limerick  site,  and  Fig.  3.3.1c  for  the  Maine  Yankee  site.  The  relative 
contribution  to  the  BEHC  for  the  Millstone  site  for  the  four  distance  ranges 
is  similar  to  the  Seabrook  site  and  hence,  does  not  need  to  be  repeated. 
There  are  some  interesting  differences  between  the  relative  contribution  to 
the  BEHC  from  each  of  the  four  distance  ranges  for  several  of  the  sites  that 
are  compared  in  Fig.  3.4.2.  For  example,  we  see  at  the  Fitzpatrick  site  that 
most  of  the  contribution  to  the  BEHC  for  PGA  is  from  earthquakes  farther  than 
50  km  away.  This  is  certainly  one  reason  why  the  hazard  at  the  Fitzpatrick 
site  is  lower  than  at  the  other  sites  in  region  1.  Distant  earthquakes  are 
also  somewhat  more  important  at  the  Maine  Yankee  site  than  at  the  Seabrook, 
Millstone  and  Limerick  sites.  Distant  earthquakes  are  least  important  at  the 
Limerick  site.  This  latter  fact  also  goes  with  the  fact  that  large 
earthquakes  are  least  important  at  the  Limerick  site. 

In  Fig.  3.4.4  we  compare  the  median  CPHCs  for  the  Hope  Creek  (deep  soil). 
Pilgrim  (sand-2),  Shoreham  (deep  soil)  and  Yankee  Rowe  sites  (till-2).  This 
comparison  is  less  useful  than  the  one  made  in  Fig.  3.4.2  for  rock  sites 
because  there  are  three  different  soil  categories  involved.  Only  Shoreham  and 
Hope  Creek  have  the  same  soil  category. 

It  is  evident  that  there  can  be  some  variation  in  the  seismic  hazard  over  a 
relatively  small  area.  This  is  illustrated  in  Figs.  3.4.5a,  b,c.  In  Fig. 
3  4.5a  we  compare  the  median  CPHCs  for  the  Seabrook,  Maine  Yankee  and  Vermont 
Yankee  sites.  It  should  be  noted  that  the  median  CPHC  for  the  Millstone  and 
Haddam  Neck  sites  is  similar  to  the  Vermont  Yankee  site,  however  the  make-up 
of  the  factors  (e.g.,  the  magnitude  and  distance  ranges)  which  contribute  to 
the  hazard  are  different  between  Vermont  Yankee,  Millstone  and  Haddam  Neck. 
In  Fig.  3.4.5b  we  compare  the  median  CPHCs  for  the  Hope  Creek,  Oyster  Creek 
and  Shoreham  sites.  In  Fig.  3.4.5.C  we  compare  the  median  CPHCs  between  the 
Limerick  and  Susquehanna  sites.  It  should  be  noted  that  the  median  CPHC  at 
the  Peach  Bottom  and  Three  Mile  Island  sites  is  more  similar  to  the  Limerick 
site  than  to  the  Susquehanna  site. 

The  spectra  curves  show  much  the  same  differences  between  sites  as  the  PGA 
curves.  However  because  the  spectral  ordinates  are  plotted  on  a  log  scale 
whereas  the  PGA  is  plotted  on  linear  scale,  the  differences  between  sites  are 
more  noticeable  for  PGA  comparisons  than  for  spectral  comparisons. 
Nevertheless  some  interesting  differences  can  be  observed  by  making  spectral 
comparisons.  For  example,  in  Fig.  3.4.6a  we  compare  the  10,000  year  return 
period  median  CPUHS  for  the  Limerick  and  Millstone  sites.  We  pointed  out 
earlier  that  smaller  nearby  earthquakes  are  more  significant  at  the  Limerick 
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site  than  at  the  Millstone  site.  The  shapes  of  the  CPUHS  for  the  two  sites 
reflect  this.  We  see  from  Fig.  3.4.6a  that  the  CPUHS  for  the  Limerick  site 
have  more  short  period  energy  and  less  long  period  energy  at  the  Millstone 
site.  This  effect  can  be  seen  also  in  Fig.  3.4.6b  where  we  compare  the  10,000 
year  return  period  median  CPUHS  for  the  Seabrook,  Maine  Yankee,  Millstone  and 
Fitzpatrick  sites.  We  pointed  out  earlier  that,  relatively  speaking,  large 
earthquakes  were  significant  at  the  Maine  Yankee  site  than  at  the  other  sites 
shown  in  Fig.  3.4.6b  and  least  important  at  the  Millstone  site.  The  shape  of 
the  CPUHS  curves  reflect  this  effect  at  the  long  period  end  of  the  spectrum. 
Additional  comparisons  and  general  conclusions  are  given  in  Volume  VI. 

In  Fig.  3.4.7  we  compare  the  median  CPHC  for  all  the  sites  listed  in 
Table  1.1.  The  variation  between  sites  includes  all  the  factors  we  have 
discussed,  such  as  site  category  and  differences  in  zonation  between  sites. 
Figure  3.4.7  shows  that  the  four  sites  north  of  the  highest  probability  of 
exceedance  of  0.2g  are  sets  number  12(C),  14(E),  7  and  19(J),  (i.e..  Pilgrim, 
Seabrook,  Maine  Yankee  and  Yankee  Rowe). 

It  should  be  kept  in  mind  that  much  of  the  above  was  based  on  comparisons 
between  median  estimators  of  the  hazard  at  various  sites.  As  we  have  pointed 
out  earlier,  other  estimators  of  the  hazard  might  lead  to  different 
conclusions.  To  illustrate  this  point,  refer  to  Fig.  3.4.8,  according  to 
which,  the  four  sites  with  the  highest  probability  of  exceedance  of  0.2g  are 
sites  number  2,  7,  12  and  14  (i.e.,  Ginna,  Maine  Yankee,  Pilgrim  and  Seabrook) 
when  the  estimator  is  the  arithmetic  mean  (symbol  "A"  on  Fig.  3.4.8).  When 
the  estimator  is  the  median  (symbol  "M"),  the  four  sites  are  7,  12,  14  and  19 
(Yankee  Rowe).  When  the  estimator  is  the  best  estimate  (symbol  "B"),  the  four 
sites  are  2,  7,  9  (Nine  Mile  Point)  and  14,  and  finally  when  the  estimator  is 
the  85th  percentile,  the  four  sites  are  7,  12,  14  and  19. 
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Figure  3.1.1b 


Comparison  of  the  1000  year  return  period  15th,  50th  and  85th 
percentile  CPUHS  between  the  Hope  Creek  and  Salem  sites. 
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Comparison  of  the  15th,  50th  and  85th  percentile  CPHCs  for 
PGA  between  two  different  Monte  Carlo  runs  for  the 
Fitzpatrick  site. 
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Figure  3.1.2b 


Companson  of  the  1000  year  return  period  15th,  50th  and  85th 
percentile  CPUHS  between  two  different  Monte  Carlo  runs  for 
the  Fitzpatrick  site. 
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Figure  3.2.1 
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Figure  3.2.2 


Comparison  of  the  10,000  year  return  period  15th,  50th  and 

85th  percentile  CPUHS  for  the  Hope  Creek  site  between  the 

case  when  the  Hope  Creek  site  is  considered  to  be  located  in 

region  1  and  the  case  when  it  is  considered  to  be  located  in 
region  2. 
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Figure  3.3.1a 
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BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  distance  ranges  for  the 
Maine  Yankee  site  when  the  lower  bound  of  integration  for 
magnitude  is  5.0. 
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Figure  3.3.1b 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  distance  ranges  for  the 
Maine  Yankee  site  when  the  lower  bound  of  integration  is 
3.75. 
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Figure  3.3.2a 


BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  distance  ranges  for  the 
Fitzpatrick  site. 
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Figure  3.3.2b 


Same  as  Fig.  3.3.2a  except  only  G-Experts  1-4  BE  GM  models 
were  used. 
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Figure  3.3.3a 
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BEHCs  for  a  rock  site  located  in  the  northern  part  of  region 
1  which  include  only  the  contribution  to  the  hazard  for  PGA 
from  earthquakes  within  the  indicated  distance  ranges. 
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Figure  3.3.3b 


YANKEE  ROWE 

BEHCs  for  a  soil  site  located  in  the  northern  part  of  region 
1  which  include  only  the  contribution  to  the  PGA  hazard  from 
the  earthquakes  within  the  indicated  distance  ranges. 
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BEHCs  for  a  rock  site  located  in  the  southern  part  of  region 
1  which  include  only  the  contribution  to  the  hazard  for  PGA 
from  earthquakes  within  the  indicated  distance  ranges. 
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BEHCs  for  a  soil  site  located  in  the  southern  part  of  region 
1  which  include  only  the  contribution  to  the  hazard  for  PGA 
from  earthquakes  within  the  indicated  distance  ranges. 
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Figure  3.4.1 


Comparison  of  the  median  CPHCs  for  PGA  between  the  Vermont 
Yankee  and  Yankee  Rowe  site. 
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Figure  3.4.2    Comparison  of  the  median  CPHCs  for  PGA  for  the  five  sites 
indicated. 
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Figure  3.4.3 


SEABROOK 

BEHCs  which  include  only  the  contribution  to  the  PGA  hazard 
from  earthquakes  within  the  indicated  distance  ranges  for  the 
Seabrook  site. 
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Figure  3.4.4 


Comparison  of  the  median  CPHCs  for  PGA  between  the  four  soil 
sites  indicated.  It  should  be  noted  that  the  soil  sites  fall 
into  several  different  soil  categories. 
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Figure  3.4.5a    Comparison  of  the  median  CPHCs  for  PGA  between  the  three 
nearby  sites  indicated. 
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Figure  3.4.5b 


Comparison  of  the  median  CPHCs  for  PGA  between  the  three 
nearby  sites  indicated. 
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Figure  3.4.5c    Comparison  of  the  median  CPHCs  for  PGA  between  the  Limerick 
and  Susquehanna  sites. 
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Figure  3.4.6a    Comparison  of  the  median  10,000  year  return  period  CPUHS 
between  the  Limerick  and  Millstone  sites. 
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Figure  3.4.6b 


Comparison  of  the  median  10,000  year  return  period  CPUHS 
between  the  four  sites  indicated. 
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Figure  3.4.7 


Comparison  of  the  median  CPHCs  for  the  sites  in  Vol.  II.  The 
plot  symbols  used  to  identify  the  sites  are  given  in  Table 
1.1. 
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Figure.  3.4.8 


Median  (M)  Probability  of  exceedance  of  0.2g.  Best  estimate 
(B),  Arithmetic  mean  (A)  15th  and  85th  percentiles  {*)  for 
the  19  sites  of  batch  1. 
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Appendix  B 

Maps  of  the  Seismic  Zonation  for  Each 
of  the  11  Seismicity  Experts 
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